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ABSTRACT
Quantitative comparisons of artificially created and natural wetlands are typically 
confounded by differences in wetland age, with created wetlands being younger than their 
natural counterparts. Observed differences between these wetlands may be attributed to 
either age differences or an inability to reproduce natural wetland characteristics. The 
objectives of this research were to: compare the phosphorus characteristics of similarly 
aged, created and natural wetlands in the Atchafalaya Delta, Louisiana and determine the 
controls over phosphorus retention in these wetlands. A phosphorus fractionation 
procedure was used to identify the phosphorus fractions in sediment from natural and 
artificially created wetlands in the Atchafalaya Delta belonging to three age classes: young 
(<1-3 years old), intermediate (5-10 years old), and old (15-20 years old).
The young, created wetland was lower in total phosphorus than its natural 
counterpart due to its higher sand content The intermediate-aged, created wetland had 
lower phosphorus contents than its natural counterpart due to higher organic matter and 
lower bulk density. Phosphorus contents of the old, created and natural wetlands were 
similar. These differences between the created wetlands and their natural counterparts can 
be explained by the design of the created wetlands. Bedload sediment from the 
Atchafalaya River, which was dredged to form the created wetlands, had lower 
phosphorus and oxalate-extractable iron than the river’s suspended sediment, which 
forms the natural wetlands. Sediment recently deposited at both created and natural 
wetlands had similar phosphorus contents.
In the Atchafalaya Delta, wetlands created with dredge sediment will have less 
phosphorus upon formation than natural wetlands of the same age, but if they are built to 
mimic the elevation gradient, shape and orientation of the natural wetlands, they can 
develop phosphorus characteristics similar to natural wetlands through the deposition of 
river sedim ent
ix
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CHAPTER I
INTRODUCTION
Prior to European colonization, the conterminous United States contained 
approximately 89.5 million hectares of wetlands (Dahl, 1990). As o f 1980, there were 
only 42.3 million hectares remaining (Dahl, 1990). This translates to a loss of 53% of the 
original wetland acreage since 1780. These losses were due in large part to the early 
perception that wetlands were wastelands and breeding grounds for pests and disease. A 
wetland’s true value could only be realized by draining or filling it for agricultural, urban, 
or industrial development This wetland loss was even encouraged and hastened by 
government policies such as the Swamp Land Act passed in the 1800’s which gave 
wetland acreage to states to reclaim for flood control (Mitsch and Gosselink, 1993). With 
time, perceptions about wetlands began to change. By the mid-1900’s, the importance of 
wetlands to fish and waterfowl began to be documented but it was not until the 1970’s 
that wetlands were recognized as providing a number of valuable ecological services. In 
addition to providing habitat, wetlands also support terrestrial and aquatic food webs, 
protect shorelines from storms, improve water quality, reduce flood impacts and recharge 
groundwater (Mitsch and Gosselink, 1993).
As perceptions about wetlands changed, so did government policies and laws. Most 
significant was the Federal Pollution Control Act amendment of 1972, later to become the 
Clean Water Act (CWA). Section 404 of CWA requires a permit for dredge and fill 
activities which affect waters of the United States including wetlands. Before being 
issued a permit, the applicant must show that no other alternative locations or designs 
exist that might avoid or reduce wetland impacts. This is known as the alternatives test. 
When impacts to wetlands are unavoidable, section 404 requires mitigation for wetland 
losses. Compensatory mitigation can be achieved by either the restoration of a previously
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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impacted wetland or the artificial creation o f a wetland were none has existed previously. 
Wetlands artificially created for the purpose of mitigation or as a result of dredging 
operations are referred to as ‘created’ wetlands. This terminology distinguishes these 
artificial wetlands from ‘constructed* wetlands which are artificially created for purpose of 
wastewater treatment.
In the 1970’s, wetland creation was seen as a feasible mitigation option due to results 
of the Army Corps of Engineers’ (COE) dredge material program (Kruczynski, 1989; 
Race and Christie, 1982). In the process of finding ways to stabilize dredge material, the 
COE was able to establish wetland vegetation on dredge spoil. With the establishment of 
wetland hydrology along with vegetation, wetland functions were also thought to be 
created even though there was little data to support this assumption (Race and Christie, 
1982). Soon, wetland creation was used as a tradeoff to develop existing wetlands. It 
became practice for permit applications to be accepted without being subjected to the 
alternatives test as long as it was promised that wetland impacts would be mitigated 
through wetland creation (Kruczynski, 1989). As a result, the use of wetland creation as 
a mitigation option became the subject o f much debate and controversy. When mitigation 
projects were surveyed in the late 1980’s to determine the success of wetland creation, it 
was discovered that a majority of the projects either were not started or failed to meet 
permit requirements (Race and Fonseca, 1996). In fact, “success” was considered to be 
achieved if the permit requirements were met regardless of whether the artificial, or 
created, wedand was functioning as a natural wetland (Race and Fonseca, 1996). Of the 
projects that were completed, limited or no monitoring was done so it was not known if 
they were truly functioning as natural wetlands. Today, artificial creation is still used as a 
mitigation option even though studies have shown that created wetlands often do not 
possess physical and chemical characteristics which are similar to those of mature, natural 
wetlands (Craft et al., 1988; Craft et al., 1991; Lindau and Hossner, 1981; Moy and 
Levin, 1991; Race and Christie, 1982; Sacco et al., 1994).
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A critique of wetland creation in 1982 found very few studies which compared 
created wetlands to natural wetlands (Race and Christie, 1982). The studies that were 
performed were limited in scope and did not completely support the assumption that 
wetland functions were being created. Of five studies which compared wetland 
vegetation, two showed that aboveground biomass was lower in created wetlands while 
four showed that belowground biomass was lower in created wetlands. Even less data 
existed on wetland fauna, nutrient cycling, and sediment characteristics. A created 
wetland in North Carolina had lower sediment faunal abundance, biomass, and different 
dominant species than two nearby natural wetlands. The sediment of this created wetland 
also contained less organic carbon than the natural wetlands. A created wetland in 
Georgia had a lower microbial biomass than a nearby natural wetland. Race and Christie 
(1982) concluded that there was a need for more studies on comparing created and natural 
wetlands especially comparisons of the nutrient cycling, sediment characteristics and 
fauna. Since then few comparative studies of created and natural wetlands have appeared 
in the peer-reviewed literature, and these are limited to a small set of created wetlands.
Lindau and Hossner (1981) compared the physical and chemical characteristics of a 
two-year-old created wetland to those of three nearby wetlands. The nutrient content of 
the created wetland increased through time. However, the created wetland had 
significantly lower total nitrogen and organic matter at the low elevation sites than the 
natural wetlands. Although not significant, the created wetland had lower mean total 
nitrogen, ammonium, and organic matter content than the natural wetlands at all 
elevations. At all elevations, oxalate extractable phosphorus of the created wetland was 
similar to the natural wetlands. The authors of the study did not provide any reasons for 
the observed differences.
In 1986, salt marsh infauna were compared in a study o f six pairs of created and 
natural marshes in North Carolina (Sacco et al., 1994). Five o f the created wetlands were 
built with dredge material while the sixth was an upland that was graded to wetland
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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elevations. The created wetlands ranged in age from 1 to 17 years old. Five of the 
created wetlands exhibited lower average infaunal densities than their natural references, 
but only the youngest marsh showed a significant difference. Five of the created 
wetlands exhibited a significant difference in the density of at least one of the dominant 
infaunal taxa when compared to their natural reference wetland, but the direction of the 
difference varied. Three of the created wetlands were significantly different from their 
natural reference wetlands in the proportion of surface feeders and subsurface deposit 
feeders, but again the direction of difference varied. Authors attributed the observed 
differences to both differences in wetland age and differences in substrate between the 
created wetlands and their natural references.
The relationship between the infaunal community and Fundulus utilization of a 
wetland that was created by grading an upland and of two nearby natural wetlands was 
compared in 1987 and 1988 (Moy and Levin, 1991). The natural wetlands were 
dominated by subsurface feeders while the created wetland was dominated by surface 
feeders. The abundance of Fundulus was lower in the created wetland as compared to the 
natural wetlands despite the better diet they obtained from the created wetland.
A large study which began in 1988 compared the structural and chemical 
characteristics between pairs of natural wetlands at five sites in North Carolina (Craft et 
al., 1988; Craft et al., 1991). Three of the sites were the same as in the 1986 study.
Three created wetlands were built from dredge material while the other two were upland 
areas that were graded to wetland elevations. The created wetlands ranged in age from 1 
to 15 years old. One site that was created by grading an upland had porewater that was 
significantly higher in oxygen concentrations and redox potentials and lower in pH than 
the porewater of its natural reference wetland (Craft et al., 1991). The porewater of the 
created wetland also had lower dissolved organic carbon and nitrogen, ammonium and 
phosphate than the porewater of the natural wetland (Craft et al., 1991). Three of five 
created wetlands had lower macroorganic matter (MOM) in the surface ten centimeters
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while four o f five had lower MOM in the 10- to 30-cm depth when compared to a nearby 
natural wetland (Craft et al., 1988). MOM was organic material larger than 2 mm. Three 
of five had significantly higher bulk densities and lower carbon, nitrogen, and 
phosphorus contents than their natural reference wetland (Craft et al., 1988). The 
similarities in bulk density and chemistry found between the other two created wetlands 
and their natural references was attributed to the relatively young age of the natural 
reference wetlands. This along with the fact that nutrient contents of the created wetlands 
increased with increasing wetland age led the authors to hypothesize that it would take the 
created wetlands from 15 to 30 years to develop MOM characteristics and longer than 
thirty years to develop soil nutrient characteristics similar to natural wetlands.
All of the cited studies compared young, created wetlands to older, natural wetlands. 
This presents a problem in that structural and functional differences between the created 
and natural wetlands are attributed to the age difference even though they may result from 
an inability to create wetland characteristics. This can lead to the assumption that created 
wetlands will develop natural wetland characteristics as they mature. However, if the 
observed differences actually result from ineffective creation techniques then the created 
wetland may never develop natural wetland characteristics. To overcome the confounding 
factor of age and to better evaluate our ability to create wetlands, created wetlands should 
be compared to natural wetlands of the same age. Studying young wetlands can provide 
insight about wetland development which is invaluable for improving creation techniques.
The purpose of this dissertation research was to compare phosphorus characteristics 
of created and natural wetlands in the Atchafalaya Delta, Louisiana. The Atchafalaya 
Delta is a tidal, freshwater system that was chosen as a location for the study because it 
possessed similarly aged, created and natural wetlands. The Atchafalaya River is a 
natural distributary of the Mississippi River that has captured increasing amounts of 
Mississippi River discharges and sediments over the past century (Fisk, 1952). This 
natural process was halted with the construction of a control structure in 1963 that
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maintains the Atchafalaya River flow at 30% of the combined Mississippi and Red River 
flows (Roberts and van Heerden, 1992). As the sediment carried by the Atchafalaya 
River filled the Atchafalaya Basin to near capacity by the 1950’s, additional sediment was 
carried downstream to the mouth of the river initiating subaqueous delta growth (van 
Heerden and Roberts 1988). The following discussion of delta growth was summarized 
from van Heerden and Roberts (1988). Delta growth began with the deposition of a 
seaward-thinning wedge of clay rich sediment commonly known as upper prodelta 
deposits. In the early 1960’s, sediment reaching the Atchafalaya Bay had begun to 
change from clay and silty clay to silts and fine sands. These sediments were deposited 
on the prodelta sediments to form distal bar deposits. These sediments were then overlain 
by coarser material to form distributary mouth deposits. An unusually high flood in 1973 
deposited sands on top of the distributary mouth deposits to form subaerial delta lobes. 
These delta lobes consisted of sand-rich natural levees which flanked fine-grained algal 
flats except at the seaward end o f the lobe which was open to the bay. Levees receive 
silts and fine sands during floods. Algal flats can also receive fine sand and coarse silt 
from overbank channels, high floods and the redistribution of levee sediment during 
winter storms. Silt and clay is transported to these flats from the seaward end of the lobe 
by diurnal tides. Since 1973 the delta has continued to expand, providing a set of natural 
wetland islands ranging in age from 0 to 20 years old in 1993. After 1976, the dominant 
mechanisms for subaerial delta growth were the accretion of sand-rich sediment at the 
upstream ends of delta lobes, channel abandonment, and lobe fusion.
In addition to these naturally formed wetlands, wetlands have been created through 
U. S. Army Corps of Engineers dredging operations. The west channel of the 
Atchafalaya River is used for navigation by commercial vessels and must be dredged 
periodically to maintain the required depth. The disposal o f dredged sediment has created 
wetlands since 1974. Therefore, within the same hydrologic regime, we have both 
naturally and artificially created wetlands of similar ages. From 1974 through 1986,
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dredge sediment was discharged along the west side of the navigation channel (van 
Heerden, 1994). During this time wetland creation was not the goal of the dredge 
disposal, and, when dredging occurred, dredge sediment was placed at the same disposal 
sites. This had the effect of creating more upland than wetland area, and dredge islands 
were higher in elevation than the natural islands in the delta. Rom  1986 through the 
present, a conscious effort was made to create wetlands from dredge sediment (van 
Heerden, 1994). The old disposal sites were no longer used. From 1989 through 1990, 
dredge sediment was placed mainly along the east side o f the navigation channel in the 
form of pimple mounds; from 1990 through 1991, dredge sediment was discharged so 
that lower-lying mounds were created; and from 1992 through the present, dredge 
sediment was graded to wetland elevations and placed to mimic the configuration of 
natural wetlands in the delta.
One reason for comparing phosphorus was because it is a plant nutrient which can 
contribute to eutrophication of freshwater and marine environments. Phosphorus is an 
important nutrient for phytoplankton growth and maintenance. Nutrient enrichment of 
coastal waters can lead to excessive primary production (plankton blooms) followed by 
excessive secondary production which depletes oxygen in the water column (Day et al., 
1989). One ecological function attributed to wetlands is the improvement of water quality 
(Mitsch and Gosselink, 1993). The few studies on nutrient cycling in tidal, freshwater 
wetlands have found that they act mainly as transformers of nutrients (Good et al., 1978; 
Simpson et al., 1983). They import nutrients in the inorganic form and export them 
mainly in organic or gaseous form. However, wetlands in the Atchafalaya Delta 
experience high rates of both sedimentation and subsidence (Roberts et al., 1980). This 
means there is a high probability that phosphorus is retained by these wetlands through 
burial. Therefore, studying the phosphorus characteristics of wetlands in the Atchafalaya 
Delta can provide insight into whether or not they intercept and retain phosphorus 
transported by the river.
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Another reason phosphorus was chosen for comparison was because it is mainly 
associated with sediment which allows for the correlation o f wetland structure and 
observed phosphorus characteristics. Therefore, differences in phosphorus content 
between natural and created wetlands can be used to pinpoint differences in wetland 
structure. This information can link wetland structure to wetland function, e.g. water 
quality improvement, and provide insight into methods which will improve the wetland 
creation technique used in the Atchafalaya Delta.
The specific objectives of this research were 1) to determine if created wetlands have 
phosphorus characteristics which are similar to natural wetlands of the same age, 2) to 
determine why dissimilarities, if any, exist, and 3) to determine ways to improve creation 
techniques used in the Atchafalaya Delta. To meet these objectives, four studies were 
conducted from 1993 through 1996. The first study, presented in Chapter n , compares 
the phosphorus characteristics of surface sediment from pairs of created and natural 
wetlands belonging to three age classes.1 The second study, presented in Chapter III, 
compares the phosphorus characteristics of the Atchafalaya River’s bedload sediment, its 
suspended sediment, and sediment newly deposited at each wetland site. Chapter IV 
compares the phosphorus characteristics of surface and subsurface sediment at each 
wetland site. Chapter V examines the role of iron chemistry in controlling phosphorus 
movement at each site. Finally, in Chapter VI, a synthesis of the results and conclusions 
from the four research chapters is presented. From this synthesis, conclusions are drawn 
concerning wetland creation in the Atchafalaya Delta. Sediments samples consisted of 
either levee deposits or algal fiat deposits.
1 Reprinted with permission of “Estuarine, Coastal and Shelf Science”.
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CHAPTER H
PHOSPHORUS CHARACTERISTICS OF SURFACE SEDIMENT FROM
NATURAL AND CREATED WETLANDS IN THE ATCHAFALAYA
DELTA, LA.
INTRODUCTION
Historically, the draining and filling of wetlands was encouraged because wetlands 
were seen as wastelands, and a variety of governmental policies favored conversion 
activities (Hair, 1987; Kiraly et al., 1991). Due to the important environmental functions 
wetlands perform (i.e. nutrient transformations, hydraulic alteration, food chain support 
and wildlife habitat), federal and state regulations have been enacted to protect wetlands 
(Mitsch and Gosselink, 1993). However, these regulations do not entirely prevent 
wetland loss or degradation, and unavoidable impacts require compensatory mitigation in 
the form of wetland creation or restoration.
While the idea of compensatory mitigation is a good one, its use in the regulatory 
process has been the subject of much concern (Kiraly et al., 1991). In the past, the 
success of a mitigation project was based upon establishment o f wetland structure, mainly 
wetland hydrology and wetland vegetation (National Research Council, 1992; Erwin, 
1989). Successful vegetation establishment is often used to support the feasibility of 
wetland creation and its role in mitigation (Race and Christie, 1982; Kruczynski, 1989). 
With the establishment of wetland hydrology and vegetation, wetland functions are 
thought to be created.
In a critique of wetland creation, Race and Christie (1982) presented evidence that 
above-ground biomass of created marshes was comparable to natural marshes, however, 
below-ground biomass of created marshes was usually less than that of natural marshes. 
Created wetlands also had lower faunal biomass and supported different faunal 
communities as compared to natural wetlands. A created marsh in North Carolina
9
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supported different faunal communities and food chains than two adjacent natural marshes 
due to lower organic matter content of the created marsh (Moy and Levin, 1991). Recent 
studies have found significant chemical and biological differences between created and 
natural wetlands (Craft et al., 1991; Langis et al., 1991). In all of these cases, the created 
wetlands were younger in age than the natural wetlands to which they were compared. 
The drawback of this approach is that the factors of time (wetland age) and wetland type 
(created or natural) are confounded and cannot be separated. Therefore, it is not known if 
the differences between created and natural wetlands are due primarily to age or our 
inability to mimic wetland functions. Comparisons of created wetlands to similarly aged 
natural wetlands would improve our understanding of wetland creation as a mitigation 
technique.
One function which wetlands perform is the removal of suspended sediment from the 
water column (Boto and Patrick, 1978). Suspended sediment is considered a pollutant 
mainly due to turbidity; however, suspended sediments also carry adsorbed nutrients and 
toxins which may reduce water quality (Boto and Patrick, 1978). Tidal freshwater 
wetlands are located in the part of the estuary with the highest rates of sedimentation. 
These wetlands can be very important in improving the water quality of estuarine 
environments because they intercept sediments and the associated nutrients. However, 
there has been little research on nutrient cycling in tidal freshwater systems (Odum et al., 
1984). From this limited data set it has been concluded that tidal freshwater wetlands act 
as nutrient transformers (Odum et al., 1984). However, some tidal freshwater systems 
such as the Atchafalaya Delta experience high rates of both sedimentation and subsidence. 
These processes can greatly enhance the probability of permanent nutrient removal 
through burial. This is especially true for phosphorus since it is possible for over 90% of 
total P carried by a river to be associated with suspended solids (Froelich, 1988). If the 
created wetlands in the Atchafalaya Delta do not cycle phosphorus in the same manner as 
the natural wetlands, the phosphorus load reaching the Gulf of Mexico could be greatly
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affected. A decreased load of phosphorus could decrease the productivity of the Gulf 
while an increased load could exacerbate the problem o f hypoxia along the Gulf coast
This research was part of a larger study whose objective was to compare physical 
and chemical properties o f similarly aged natural and created wetlands. The particular 
objectives of this research were: (1) to compare and contrast phosphorus fractions in 
created and natural wetland soils in the Atchafalaya River Delta, LA; and (2) to determine 
how long it will take for these created wetland soils to exhibit phosphorus characteristics 
which are similar to those o f the comparably aged, natural wetland soils.
METHODS AND MATERIALS
Site Description
The Atchafalaya Delta was selected as the location for this study. The Atchafalaya 
River is a natural distributary of the Mississippi River that has captured increasing 
amounts of Mississippi River discharges and sediments over the years (Fisk, 1952). This 
natural process was halted with the construction of a control structure in 1963 that 
maintains the Atchafalaya River flow at 30% of the combined Mississippi and Red River 
flows (Roberts and van Heerden, 1992). As the sediment carried by the Atchafalaya 
River filled the Atchafalaya Basin to near capacity by the 1950's, additional sediment was 
carried downstream to the mouth of the river initiating subaqueous delta growth (Roberts 
et al., 1980). This new delta became subaerial in 1973 and has continued to expand (Fig. 
2 .1), providing a set of natural wetland islands ranging in age from 0 to 21 years at the 
time of this study.
In addition to these naturally formed wetlands, wetlands have been created through 
U. S. Army Corps of Engineers dredging operations. The west channel o f the 
Atchafalaya River is used for navigation by commercial vessels and must be dredged 
periodically to maintain the required depth. The dredged sediment material has been used
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Figure 2.1. Map o f the Atchafalaya Delta, Louisiana showing created and natural 
wetland sites (Adapted from Robertson et al., 1987). N=natural and 
C=created; Y =<l-3,1=5-10, and 0=15-20 years old.
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to create wetlands since 1975. Therefore, within the same hydrologic regime, we have 
both naturally and artificially created wetlands o f similar ages.
Aerial photography, satellite imagery, and records from the U. S. Army Corps of 
Engineers dredging program were used to locate and age both natural and created 
wetlands. From this data, three age classes of wetlands were chosen: young (<1-3 
years), intermediate (5-10 years), and old (15-20 years). Due to the nature of dredge 
placement in the delta only one natural and one created wetland site could be selected in 
each of the three age classes except for the old age class which contained two natural 
sites.
The wetland formation processes result in an elevational gradient across the islands 
with a distinct plant community associated with specific elevations. Black willow (Salix 
nigra Marshall) is found on the higher elevation natural levees with a mixed freshwater 
marsh community (Colocasia antigorum, Polygonum punctatum Elliot, Scirpus pungens 
Vahi, and Panicum virgatum L.) at the next lower elevation. The lowest elevational areas 
were unvegetated mud flats. Each island was stratified according to these elevational 
gradients and three sampling plots were established in each strata. Relative elevations 
were determined with a laser level and elevational differences among plots within a strata 
were less than 5 cm. The old, created and natural sites (CO and NO) and the young, 
created site (CY) had low, mid and high elevations. The intermediate-aged, created and 
natural sites (Cl and NI) and the young, natural site (NY) had only the mid elevation 
present due to the fact that they were formed as spits off of existing islands and were not 
islands themselves.
Sample Collection and Analysis
Sample Collection. Samples were collected in November and December of 1993 and 
in January, May and July of 1994. During each trip, two 10 cm x 2 cm soil cores were 
collected at each plot and transported on ice back to the Wetland Biogeochemistry
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Institute. One set o f cores was placed in preweighed, 50 ml polypropylene centrifuge 
tubes for bulk density and particle size determinations (Patrick, 1958). The second set of 
cores was homogenized and three field-moist subsamples were taken from each core for 
phosphorus analysis and moisture content determination. All phosphorus analyses were 
conducted on w et soil samples because drying the samples changes their phosphorus 
fractions. Results are reported on a dry weight basis.
Phosphorus Extraction. Total phosphorus was extracted by acid digest of a one- 
gram subsample (APHA, 1985). Fractionation of soil phosphorus (P) into iron- and 
aluminum-bound, reductant-soluble and calcium-bound phosphorus was performed on a 
one-gram subsample using a modified Olsen and Sommers (1982) procedure (Fig. 2.2).
The final subsample was dried at 105°C to constant weight to determine moisture content. 
Modification o f  the fractionation procedure consisted of reducing the volume of 
extractants by half due to the use of wet subsamples. Also, in order to remove the 
dithionite interference from the citrate-bicarbonate-dithionite (CBD) extract, extracts from 
the November, December, and January samples were acid digested according to the 
sulfuric-nitric acid method (Plumb, 1981) before colorimetric analysis. Since acid 
digestion was a long process and may have effected the amount o f citrate interference in 
the samples another procedure to remove dithionite interference from the May and July 
CBD extracts was implemented. Elemental sulfur was precipitated out of these samples 
prior to phosphorus analysis by adding 5 N H2SO4 to an aliquot o f a sample.
Precipitated sulfur was then removed by centrifugation and filtration before colorimetric 
analysis. Phosphorus in the citrate-bicarbonate, acid-digested CBD, and acidified CBD 
extracts were determined according to the method outlined by W eaver (1984) after 
neutralization o f the extracts. Total P and phosphorus in the remaining fractionation 
extracts were determined according to the method outlined by Murphy and Riley (1962) 
after neutralization of the extracts.















Iron- and aluminum- 
bound phosphorus
Add 25ml of IN HQ and shake for 1 hour.
lg  sample - field moist in 50ml 
ce ntifuge tube.
Add 25ml of 0.1N NaOH + 1M NaQ soln. 
and shake for 17 hours.
Rinse residue twice with 20ml o f 1M NaQ then 
add 22.5ml of 0.22M Na Citrate + 0.11M 
NaHC03 to residue and heat in water bath to 75°C 
__________ with stirring for 15 min._________
Add 22.5ml of 0.22M Na Citrate + 0.11M NaHCO- 
to residue and heat in water bath to 75°C then add 
0.5g Na Dithionite and heat on water bath with 
stirring for 15 min. Rinse with 12.5ml of a 
saturated NaQ soln.
Figure 2.2. Soil phosphorus fractionation procedure as modified from Olsen and 
Sommers (1982).
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The citrate-bicarbonate extract removes phosphorus reabsorbed during the extraction 
by NaOH/NaCl. NaOH/NaCl extracts mainly  iron- and aluminum-bound P, therefore, 
the phosphorus concentrations in the NaOH/NaCl and citrate-bicarbonate extracts were 
combined and operationally defined as iron- and aluminum-bound P (Fig. 2.2). The 
CDB/NaCl extraction was defined as reductant-soluble P. Calcium-bound P was 
extracted by the H Q  solution. Phosphorus not extracted by the fractionation procedure, 
residual P, was determined by subtracting the sum of the phosphorus fractions from the 
total P. Residual P is usually considered to be organic P; however, it can also contain 
inorganic phosphorus that was not extracted by the fractionation procedure. In this study, 
the residual P content correlated well with the organic carbon content at each site. We 
therefore considered the residual P to be organic P.
RESULTS
As no seasonal trends were apparent, the data from all sampling dates were 
combined to give overall means for all phosphorus (P) fractions. A t the mid elevation, 
the old, created (CO) and natural (NO) wetlands had similar phosphorus contents for all 
phosphorus forms with NO tending to have higher total P, iron- and aluminum-bound P 
(Fe/Al-P) and reductant-soluble P (RS-P) and lower calcium-bound P (Ca-P) and organic 
P (Org-P) (Table 2.1). The intermediate-aged, created wetland (Cl) had higher total P 
contents than the intermediate-aged, natural wetland (NI) due to higher Org-P and Fe/Al-P 
fractions at Q . The young, created wetland (CY) had lower mean phosphorus contents 
than the young, natural wetland (NY) for all the phosphorus forms (Table 2.1). The 
young, created wetland also had lower phosphorus contents than all older wetlands.
At the low elevation, CO and NO had similar phosphorus contents for all but the 
Fe/Al-P fraction which was higher for NO (Table 2.2). At the high elevations, NO had 
higher phosphorus contents than CO in all but the organic phosphorus form. For both
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Table 2.1. Mean (±1 SE) soil phosphorus (P) contents at mid elevation in created and 
natural wetlands of three different age classes.
Wetland Fe/A l-P4 RS^P Ca-P Org-P Total P
Site 1   jig P g'1 so il............. .................  ■ —
NO 88 (13) 52 (8) 302 (6) 83(17) 524 (28)
CO 62(7) 31(6) 316(9) 92 (24) 501 (23)
NI 92 (14) 52(13) 252(11) 71 (24) 463 (27)
c i 102 (8) 49(9) 241 (9) 165 (28) 557 (10)
NY 85(4) 45(9) 236 (4) 65(19) 430 (13)
CY 37 (5) 17(3) 155 (2) 49(5) 258 (10)
N = natural. C = created; O = 15-20, I = 5-10, and Y = <1-3 years old.
2 Soil phosphorus forms are iron- and aluminum-bound P, reductant-soluble P, calcium- 
bound P, organic P, and total P.
Table 2.2. Mean (±1 SE) soil phosphorus (P) contents at low and high elevations in 





Fe/Al-Pz RS-P Ca-P Org-P Total P
- Jig r  g SOU -
NO Low 103 (5) 60(10) 284 (8) 96(14) 542 (12)
CO Low 74(8) 44(9) 282 (6) 88 (16) 489 (23)
CY Low 54(2) 29(4) 176 (3) 34(15) 289 (15)
NO High 194 (30) 111(18) 261 (5) 171 (33) 737 (62)
CO High 107(5) 68 (22) 221 (5) 174 (22) 556 (13)
CY High 35(4) 19(5) 162 (5) 34(11) 247 (8)
1 N = natural, C = created; O = 15-20 and Y = <1-3 years old.
2 Soil phosphorus forms are iron- and aluminum-bound P, reductant-soluble P, calcium-
bound P, organic P, and total P.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
CO and NO, phosphorus contents were greatest at the high elevation as compared to the 
other elevations for all phosphorus forms except Ca-P which was lowest at the high 
elevations (Tables 2.1 and 2.2). For CY, however, total P and inorganic phosphorus 
contents tended to be higher at the lowest elevation.
Total P ranged from 247 |ig  P g' 1 soil to 737 |ig  P g' 1 soil with total P generally
increasing with increasing wetland age (Tables 2.1 and 2.2). The only exception was for 
CI which had the highest total P of all the mid elevation sites. An increase in total P with 
age exhibited by the other sites can be attributed to an increase with age in the Ca-P and 
Org-P fractions. Calcium-bound P was the dominant fraction for all sediments 
accounting for 33-67 percent of the total soil phosphorus (Tables 2.1 and 2.2). 
Reductant-soluble P made up the lowest percentage o f total P (6-15%) for all sites. Iron- 
and aluminum-bound P and Org-P were generally similar in their concentrations making 
up 12-26 percent and 12-35 percent of total P, respectively.
Results are similar when phosphorus is presented on an areal basis except for CI 
(Fig. 2.3). Whereas CI had greater phosphorus contents than NI (Table 2.1), CI had less 
phosphorus per hectare than NI (Fig. 2.3).
DISCUSSION
These results indicate that newly formed created and natural wetlands in the 
Atchafalaya Delta do not possess similar phosphorus characteristics; however, sim ilar 
phosphorus characteristics do develop between 10 and 20 years after formation. Few 
studies have compared phosphorus pools in natural and dredge-material wetlands.
Lindau and Hossner (1981) reported that oxalate-extractable P contents in a two-year-old 
dredge-material marsh were similar to those in two nearby natural marshes; however, in 
another study, a 13-year-old dredge-material marsh had lower total P as compared to a
















Figure 2.3. Comparison of mean (±1 SE) total soil phosphorus on an areal basis for 
created and natural wetlands in the Atchafalaya Delta (mid-elevation sites).
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nearby natural marsh even though the oxalate-extrac table P levels between the two were 
similar (Craft et al., 1988). Craft et al. (1988) concluded that it might take longer than 30 
years for soil nutrient pools in the created marsh to approximate those in the natural 
marsh. The difference between the natural and created marsh was attributed to the lack of 
organic matter development in the created marsh due to its younger age. As organic 
matter accumulates with time, the created marsh was expected to develop nutrient pools 
similar to the natural marsh. In our study, both the created and natural wetlands had low 
organic matter contents (Fig. 2.4), but CY was still lower in phosphorus than the natural 
wetlands. It only took 10-15 years for the created and natural wetland soils to develop 
similar phosphorus characteristics. In another study, a two-year-old tidal, freshwater 
marsh created from dredge material and a nearby natural marsh had similar total P
contents (Adams, 1978). The range of total P (648-814 jLtg P g 1 soil) and percent organic
matter reported by Adams (1978) were comparable to the values from the older wetlands 
in our study.
In this study, the created wetlands were originally formed from bedload sediment 
while the natural wetlands were formed from suspended sediment The fact that CY was 
lower in phosphorus than NY suggests that the bedload sediment is lower in phosphorus 
as compared to the suspended sediment. Lower phosphorus contents in the bedload 
sediment is probably a function of texture as indicated by the higher sand content of the 
CY soil as compared to the other wetland soils (Table 2.3). Phosphorus is associated 
more with silt and clay than sand (Syers et al., 1969). It is likely that if the bedload 
sediment used to form the dredge- material islands had the same clay/silt content as the 
suspended sediment, then the phosphorus characteristics of the created and natural 
wetlands would be similar. This would explain the similarity between the created and 
natural marshes reported by Adams (1978) who found that the sediment texture of the 
dredge-material marsh was similar to that of the natural marsh.

















Figure 2.4. Comparison of mean (+1 SE) percent soil organic carbon for created and 
natural wetlands in the Atchafalaya Delta (mid-elevation sites).
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Table 2.3. Mean (±1 SE) sediment particle size of created and natural wetlands of three 
different age classes (mid elevation sites).
Wetland
S ite 1 % Sand %Silt % Clay
NY 60(3) 31(3) 9(1)
CY 95(2) 3(1) 2 ( 1)
NI 52(1) 37(1) 1 1 (2)
c i 38(1) 47(1) 15(1)
NO 38 (6) 48 (3) 14 (3)
CO 40(1) 48(1) 1 2 (2)
1 N=natural and C=created; Y =<l-3,1=5-10, and 0=15-20 years old; M=mid elevation.
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We believe that the created wetlands in our study developed natural phosphorus 
characteristics from 10 to 20 years after formation due to the fact that the delta is a river- 
dominated system. Sediment deposition due to flooding appears to be the major factor 
controlling phosphorus dynamics and wetland development in the Atchafalaya Delta. 
Johnson et al. (1985) found that total soil phosphorus of some of the natural islands in the 
Atchafalaya Delta varied little spatially or temporally. They attributed this homogeneity to 
the spring flooding of the Atchafalaya River and the sedimentation associated with it. In 
this study, the mid-elevation of CO had phosphorus contents similar to its natural 
counterpart because it is old enough for flooding to have deposited similar suspended 
sediment on it. This hypothesis is consistent with the observation that the low elevation 
of CY (which is flooded more often than the mid and high elevations) tended to have 
higher phosphorus contents than the higher elevations. Yet despite 15 years of receiving 
river sediment through flooding, CO was not completely similar to NO at the low and 
high elevations. At the low elevation, the Fe/Al-P fraction was lower in CO compared to 
NO. In a reducing environment, phosphorus associated with the Fe/Al-P and RS-P 
fractions can be mobilized through iron reduction. If this phosphorus migrates toward the 
soil surface it can then be immobilized as Fe/Al-P or RS-P through iron oxidation. The 
low-elevation of CO may be lower in Fe/AI-P because less phosphorus becomes 
mobilized in its deeper sediments. This would be expected if the original dredge material 
which comprises the deeper sediment were lower in phosphorus as we hypothesize. This 
would explain why CO had consistently lower Fe/Al-P and RS-P means than NO. The 
differences between CO and NO at the high elevation may also reflect the differences in 
the original material which formed them. High elevations are flooded less often so they 
receive less sediment input than the lower elevations. Therefore, even after 15 years the 
high elevation of CO has not received enough suspended sediment for it to be similar to 
NO.. It must be noted, however, that a large berm existed at the riverside edge of CO.
This berm could have easily prevented the flooding of the high elevation sites located
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behind it and, thereby, prevented the convergence o f CO and NO phosphorus contents. 
Since the development of similar organic phosphorus contents is not dependent upon river 
flooding, it is not surprising that they were similar in NO and CO. Less flooding can also 
explain why high elevation of both NO and CO are lower in Ca-P and higher in Org-P 
than lower elevations. The dominance of Ca-P in the wetland soils indicates a dominance 
of Ca-P associated with the sediment carried by the river. Work by Fox et al. (1985) 
suggest that sediments carried by the Mississippi River are dominated by calcium-bound 
P. Therefore, the Ca-P content of the soil would be expected to decrease with decreasing 
influence of the river. There is a greater accumulation of organic matter at the high sites 
because the organic matter does not get washed away by the flood water (Fig. 2.5).
While it is likely that the sediment carried by the Atchafalaya River has a high Ca-P 
component, the dominance of Ca-P in our wetland soils could have other explanations. 
The pH of the wetland soils in the Atchafalaya Delta is slightly above 7.0 (data not 
shown). Ca-P would be expected to be the dominate phosphorus fraction since calcium 
phosphate tends to precipitate under alkaline conditions while iron and aluminum 
phosphates tend to precipitate under acid conditions (Stevenson, 1986). Also, it is likely 
that the sediment carried by the river would have undergone mainly physical weathering 
due to erosion. This sediment would contain mainly primary minerals. Phosphorus 
associated with primary minerals is solubilized by the acid extraction and is considered to 
be calcium phosphate (Stevenson, 1986). Therefore, the high Ca-P content may be the 
result of a high primary mineral content of the sediment carried by the river.
The high Org-P content of CI is consistent with the high organic carbon content of its 
soil (Fig. 2.4). Organic matter was able to accumulate at CI due to a berm at the wetland 
edge. This berm caused floodwaters to pond behind it, thereby resulting in the almost 
permanent flooding of the plots at this site. The accumulation of organic matter at this site 
resulted in lower bulk density measurements for this site as compared to the NI site. This 
has important implications for estimating when created wetlands in the Atchafalaya Delta







Figure 2.5. Elevational comparison of mean (±1 SE) percent soil organic carbon for 15- 
to 20-year-old created and natural wetlands in the Atchafalaya Delta.
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develop natural phosphorus characteristics. While CI has a higher total P content by 
weight than NI, on an areal basis CI has lower total P than NI due to the lower bulk 
density of the CI soil (Fig. 2.3). If only total P on a weight basis was considered, then it 
could be concluded that the created wetlands develop natural phosphorus characteristics 
between 5 and 10 years after formation (Table 2.1). However, on an areal basis, it takes 
from 10 to 20 years for created wetlands to develop natural phosphorus levels. Both CI 
and CO were created before dredge material was graded to mimic elevations of natural 
wetlands in the Atchafalaya Delta (van Heerden, 1994). The berms located at the 
riverside edge of both of these wetlands appear to affect the processes of flooding and 
sedimentation which is hypothesized as the mechanism for the convergence of created and 
natural phosphorus characteristics. Further study of properly graded, created wetlands 
would give a better indication when created wetlands in the Atchafalaya Delta develop 
natural phosphorus characteristics.
Total soil P contents for both created and natural wetlands in our study were lower 
than those reported for other natural, tidal freshwater marshes (Simpson et al., 1983;
Bowden, 1984). Simpson et al. (1983) reported values from 1,200 to 1,700 [Lg P g'1 soil
for two mineral marshes while Bowden (1984) reported values from 2,000 to 3,000 (ig P
g‘l soil in the top 10 cm of marsh. These marshes have organic matter contents from 14 
percent to 75 percent which are higher than recorded in the wetlands of this study (Odum 
et al., 1984). If the created wetlands in this study were compared to this literature data 
then it might be concluded that due to their lack of organic material the created wetlands 
are not functioning as natural wetlands. This conclusion would be wrong in two 
important aspects. The first is that CY differs from its natural reference wetland due to 
sediment particle size differences not organic matter differences. The second is that, at the 
mid elevation, CO is similar to its natural reference wetlands. This is a perfect example of 
how differences in wetland ages can be a confounding factor in created vs natural wetland
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studies. Flooding of the Atchafalaya River and its associated sedimentation holds the 
Delta wetlands at a  relatively young successional age while the wetlands in the studies 
cited are older in terms of successional age as indicated by their greater organic matter 
content (Odum et al., 1984). In time the created wetlands in the Atchafalaya Delta will 
develop natural phosphorus characteristics, but we hypothesize that they will develop 
through sedimentation rather than through organic matter build up. Sedimentation is an 
allogenic control on the succession of the Atchafalaya Delta (Johnson et al., 1985). The 
results of this study can not predict whether a created wetland whose succession is 
controlled by more autogenic processes would eventually develop natural characteristics. 
While we believe that river flooding and associated sedimentation is responsible for the 
convergence o f created and natural phosphorus characteristics, it is possible that the 
particle size and phosphorus content of the river’s suspended sediment changed through 
time. In other words, the sediment which formed NO was lower in phosphorus than the 
sediment which formed NY. We are presently conducting a study to test our hypothesis 
against this alternative.
Even though flooding holds the delta wetlands to a young successional age, 
phosphorus still increases with wetland age. Part of this increase is due to the increase in 
organic matter with wetland age. Organic P increases with an increase in organic matter. 
The increase in Ca-P is a little harder to explain. Phosphorus solubilized due to reduced 
conditions could precipitate out as Ca-P due to the pH of the soil upon migration to the 
oxidized surface sediment
CONCLUSIONS
In the past, comparisons of created and natural wetlands have led to the conclusion 
that dissimilarity between them is due to the younger age of the created wetland. 
However, a comparison of created and natural wetlands in the Atchafalaya Delta indicates
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that they can be dissimilar even when they are the same age. In our study, the young, 
created wetland (CY) had lower concentrations of phosphorus for all phosphorus forms 
as compared to the young, natural wetland (NY). This difference is the result of the 
different processes by which the two wetlands are formed. The created wetland is formed 
from coarse-grained, bedload sediment while the natural wetland is formed from finer 
grained, suspended sediment The fact that CY is lower in phosphorus than the other 
wetlands in this study suggests that the bedload sediment has lower phosphorus content 
than the suspended sediment If the bedload and suspended sediment of the river were 
the same grain size then similarly aged created and natural wetlands in the Atchafalaya 
Delta would be expected to have similar phosphorus contents.
The results of our study also indicate that while created and natural wetlands may not 
be similar when they are formed it does not mean that they will always be dissimilar. In 
the Atchafalaya Delta, created and natural wetlands develop similar phosphorus 
characteristics in ten to twenty years after they are formed. It must be cautioned, 
however, that these results may not hold true for all created wetlands. The created 
wetlands from this study are unique in that the hydrology was already present when they 
were created. The Atchafalaya Delta is a river-dominated system where the wetlands 
experience high rates of sedimentation. During flood events, the same type of sediment is 
deposited on both created and natural wetlands. Therefore, time required for the 
convergence of phosphorus characteristics between created and natural wetlands in the 
Atchafalaya Delta depends upon the sedimentation rate. The creation of natural wetland 
hydrology is important for the proper development of a created wetland, and in tidal, 
freshwater areas all attempts should be made to grade created wetlands to mimic natural 
wetland elevations.
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CHAPTER m
PHOSPHORUS CHARACTERISTICS OF ATCHAFALAYA RIVER 
SEDIMENT AND OF SEDIMENT DEPOSITED ON NATURAL AND 
CREATED WETLANDS IN THE ATCHAFALAYA DELTA, LA.
INTRODUCTION
In order to determine the feasibility of creating wetlands as a mitigation option, 
created wetlands are compared to natural wetlands, and the natural wetlands are always 
older than the created wetlands. This difference in age presents a problem in that 
structural and functional differences between the created and natural wetlands which result 
from an inability to create natural wetland characteristics can be attributed to the age 
difference. Therefore, studies which compare created wetlands to mature, natural 
wetlands are ineffective forjudging our ability to create a wetland. Studies which 
compare created wetlands to similarly aged natural wetlands would remove age as a 
confounding factor. These studies can better pinpoint which wetland characteristics are 
not similar to natural wetlands due to our inability to create them, and may provide 
important information about the mechanics of natural wetland development
In Chapter H, it was determined that the 1- to 3-year-old created wetland (CY) had 
lower soil phosphorus and higher sand content than the 1- to 3-year-old natural wetland 
(NY). Based on these results, it is hypothesized that the bedload sediment which formed 
the created wetland is lower in phosphorus than the suspended sediment which formed 
the natural wetland. If bedload sediment is lower in phosphorus than the suspended 
sediment which forms the natural wetlands, wetlands created in the Atchafalaya Delta will 
have lower phosphorus contents upon formation than natural wetlands of the same age. 
Also in Chapter n , the IS- to 20-year-old created (CO) and natural (NO) wetlands had 
similar phosphorus contents at low and mid elevations. It is hypothesized that, in the
29
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Atchafalaya Delta, sedimentation from river flooding is responsible for the convergence of 
phosphorus characteristics in created and natural wetlands more than 10 years old.
The specific objectives were 1) to compare the phosphorus content of the suspended 
and bedload sediments of the Atchafalaya River, 2) to compare the phosphorus content of 
newly deposited sediment and the river sediment, and 3) to determine the sedimentation 
rates and phosphorus retention of created and natural wetlands.
MATERIALS AND METHODS
Site Description
The Atchafalaya River is a natural distributary of the Mississippi River that has 
captured increasing amounts of Mississippi River discharges and sediments over the years 
(Fisk, 1952). This natural process was halted with the construction of a control structure 
in 1963 that maintains the Atchafalaya River flow at 30% of the combined Mississippi and 
Red River flows (Roberts and van Heerden, 1992). As the sediment carried by the 
Atchafalaya River filled the Atchafalaya Basin to near capacity by the 1950's, additional 
sediment was carried downstream to the mouth of the river initiating subaqueous delta 
growth (Roberts et al., 1980). This new delta became subaerial in 1973 and has 
continued to expand (Fig. 2.1), providing a set of natural wetland islands ranging in age 
from 0 to 20 years in 1993.
In addition to these naturally formed wetlands, wetlands have been created through 
U. S. Army Corps o f Engineers dredging operations. The west channel of the 
Atchafalaya River is used for navigation by commercial vessels and must be dredged 
periodically to maintain the required depth. The dredged sediment has been used to create 
wetlands since 1975. Therefore, within the same hydrologic regime, we have both 
naturally and artificially created wetlands of similar ages.
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In 1993, aerial photography, satellite imagery, and records from the U. S. Army 
Corps of Engineers dredging program were used to locate and age both natural and 
created wetlands. From these data, three age classes of wetlands were chosen: young (<1 
to 3 years), intermediate (5 to 10 years), and old (15 to 20 years). Due to the nature of 
dredge placement in the delta only one natural and one created wetland site could be 
selected in each of the three age classes. In chapter n, the old age class contained two 
natural wetland sites, but the one on the western side of the delta was impacted by dredg ; 
sediment in 1994 so sampling at this site was discontinued.
The wetland formation process results in an elevation gradient across the islands with 
a distinct plant community associated with specific elevations. Black willow (Salix nigra 
Marshall) is found on the higher elevation natural levees with a mixed freshwater marsh 
community (Colocasia antigorum, Polygonum punctatum  Elliot, Scirpus pungens Vahl, 
and Panicum virgatum  L.) at the next lower elevation. The lowest elevation areas were 
unvegetated mud flats. Each island was stratified according to these elevation gradients 
and three sampling plots were established in each strata. Relative elevations within a 
wetland were determined with a laser level and elevation differences among plots within a 
strata were less than 5 cm. The old, created and natural wetlands (CO and NO) and the 
young, created wetland (CY) had low, mid, and high elevations. The intermediate-aged, 
created and natural wetlands (CI and NI) and the young, natural wetland (NY) had only 
the mid elevation present because they were formed as spits off of existing islands and 
were not islands themselves. In 1996, permanent and temporary benchmarks were used 
to determine elevations relative to the 1969 NGVD (Table 3.1). Flooding duration and 
frequency were determined using U. S. Army Corps of Engineers tide gauge data from 
the 1994 water year.
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Table 3.1. Elevation of strata within the created and natural wetland sites along with 








Duration /  Frequency2
NY Mid 0.49 84 / 344
NI Mid 0.34 209/410
Low 0.37 183/422
NO Mid 0.43 133/407
High 0.49 84 / 344
Low 0.34 209/410
CY Mid 0.43 133/407
High 0.52 63 / 296
a Mid 0.58 33/191
Low 0.15 321 / 175
CO Mid 0.37 183/422
High 0.43 133/407
1 N=natural and C=created; Y =<l-3,1=5-10, and 0=15-20 years old.
2 Duration is the number of days per year and Frequency is the number of times per year 
that the water level of the Atchafalaya River is at or above the given elevation.
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Sample Collection and Analysis
River Sediment In June of 1996, suspended sediment was collected by vacuum 
pumping river water from a depth of 0.5 m into one-liter plastic bottles. Water was 
collected from eight locations on the Atchafalaya River where it forks into the East and 
Navigation Channels, and bottles were stored on ice. In the lab, the sediment samples
were obtained by filtering each bottle of river water through a separate 0.45 |±m filter.
Each filter contained between 0.2 and 0.4 grams of sediment. Four filter samples were 
subjected to sequential chemical extraction to fractionate soil phosphorus (P) into iron- 
and aluminum-bound (Fe/Al-P), reductant-soluble (RSP) and calcium-bound phosphorus 
(Ca-P) (Fig. 2.2; Olsen and Sommers, 1982). Two filter samples were acid digested to 
extract total P (Plumb, 1982). Acid digestion consisted o f adding 25 ml of concentrated 
nitric acid, 5 ml of concentrated sulfuric acid, and a filter sample in a 250 ml Erlenmeyer 
flask. The flask was then heated until the acid solution boiled down to 5 ml, white fumes 
appeared and the solution turned colorless. The solution was then diluted and centrifuged 
and the supernatant saved for phosphorus determination. The final two filter samples
were dried at 105°C to constant weight to determine moisture content.
In June of 1996, bedload sediment was collected from the center of the Navigation 
Channel at locations adjacent to the dredge island sites. Two samples were collected from 
each location using a pipe dredge, transferred to polyethylene plastic bags, and stored on 
ice. In the lab, each sample was homogenized by hand, and subsamples were subjected 
to the same analyses as the suspended sediment.
Newly Deposited Sediment. In June of 1995, soda feldspar was laid out in three 0.5 
m x 0.5 m plots along each elevation at each wetland site (Cahoon and Turner, 1989).
One year later, a 10 cm X 10 cm section was cut from each plot using a spade. The 
maximum and minimum sediment accumulation above the marker horizon was measured. 
A sample of accumulated sediment was collected, transferred to a polyethylene plastic bag
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and stored on ice. In the lab, the samples were processed in the same manner as the
bedload samples. A sediment subsample was also combusted at 430°C for 16 hours to 
determine organic carbon content. A sediment sample could not be collected from all 
plots due to no sediment accumulation or to an inability to locate the marker horizon.
Only one sample was collected from the low elevation of the old, created wetland so no 
samp ling error could be calculated.
Phosphorus Determination. Dithionite used in the citrate-dithionite-bicarbonate 
(CDB) extraction interferes with the spectrophotometric determination of phosphorus due 
to the precipitation of elemental sulfur. To remove this interference, elemental sulfur was 
precipitated out of the CDB extracts prior to phosphorus analysis by adding 5 N H2SO4 
to an aliquot of an extract (modified from Paludan and Jensen, 1995). Precipitated sulfur 
was then removed by centrifugation and filtration before colorimetric analysis. 
Phosphorus in the citrate-bicarbonate, and acidified CDB extracts were determined 
according to the method outlined by Weaver (1984) after neutralization of the extracts. 
Total P and phosphorus in the remaining fractionation extracts were determined according 
to the method outlined by Murphy and Riley (1962) after neutralization of the extracts.
The citrate-bicarbonate extract removes phosphorus reabsorbed during the extraction 
by NaOH/NaCl. NaOH/NaCl extracts mainly Fe/Al-P, therefore, the phosphorus 
concentrations in the NaOH/NaCl and citrate-bicarbonate extracts were combined and 
operationally defined as Fe/Al-P (Fig. 2.2). The CDB/NaCl extraction was defined as 
reductant-soluble P. Calcium-bound P was extracted by the HC1 solution. Phosphorus 
not extracted by the fractionation procedure, residual P, was determined by subtracting 
the sum of the phosphorus fractions from the total phosphorus. When the a residual P 
value was less than zero, it was assumed to be zero for mean and standard error 
determinations. Therefore, for a given site, total P may not equal the sum of the 
phosphorus fractions. Residual P is usually considered to be organic P; however, it can 
also contain inorganic P that was not extracted by the fractionation procedure.
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Staristiral Analyses. Mean phosphorus contents of sediment deposited at the mid 
elevation of each site were compared to one another and to mean phosphorus contents of 
river sediment using one-way analysis of variance (ANOVA) (GLM procedure; SAS 
Institute Inc., 1985). Using the univariate procedure (SAS Institute Inc., 1985), Fe/Al-P 
and RSP data were not normally distributed. To satisfy the normality assumption, the 
natural log of the Fe/Al-P values and the reciprocal of the RSP values were used for 
statistical analysis. Mean phosphorus contents of sec'iment deposited at each elevation of 
NO, CO and CY were compared to one another and to mean phosphorus contents of river 
sediment using a one-way ANOVA. Again, the Fe/Al-P data were not normally 
distributed so the cubed root of the Fe/Al-P values was used in the statistical analysis.
RESULTS
River Sediment
Total phosphorus (P) in the suspended sediment (863 |ig P g' 1 soil) was more than
double that in the bedload sediment (326 (ig P g*1 soil). The suspended sediment
contained statistically greater total P, iron- and aluminum-bound P (Fe/Al-P), and 
reductant-soluble P (RSP) than the bedload sediment (Figure 3.1). Although not 
statistically significant, the suspended sediment was higher in organic P (Org-P) than the 
bedload sediment The suspended and bedload sediment contained similar amounts of 
calcium-bound P (Ca-P). The dominant phosphorus form in the suspended sediment was 
Fe/Al-P while Ca-P was the dominant phosphorus form in the bedload sediment
























Fe/Al-P RS-P Ca-P Org-P Total P
Phosphorus Fraction
Figure 3.1. Comparison of mean (± 1SE) phosphorus contents in bedload and suspended 
sediment from the Atchafalaya River, LA. Phosphorus fractions are iron- 
and aluminum-bound P (Fe/Al-P), reductant-soluble P (RSP), calcium- 
bound P (Ca-P), organic P (Org-P), and Total P (* = statistically different 
values at alpha = 0.05).
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Newlv Deposited Sediment
Total P in newly deposited sediment ranged from 390 to 922 |ig P g ' 1 soil (Tables
3.2 and 3.3). Sediment deposited at the mid elevation of all sites except the young, 
created wetland (CYM) was similar to suspended sediment in total P (Table 3.2). The 
mid elevation of the young, created wetland had statistically lower total P compared to 
suspended sediment and had similar total P compared to bedload sediment. The mid 
elevation of young and intermediate-aged, natural wetlands (NYM and NIM) also had 
total P similar to bedload sediment although deposited sediment had higher means (Table
3.2). All other mid elevation sites had statistically higher total P than the bedload 
sediment.
Sediment deposited at NYM and CYM had statistically lower Fe/Al-P than 
suspended sediment (Table 3.2). Other mid elevation sites were similar to suspended 
sediment in Fe/Al-P, but suspended sediment still had a higher mean Fe/Al-P. All mid 
elevation sites except CYM had statistically higher Fe/Al-P than the bedload sediment.
Except for CYM, mid elevation sites were similar to suspended sediment in RSP 
(Table 3.2). Suspended sediment was statistically higher than CYM in RSP. The mid 
elevation of the old, natural wetland (NOM) had statistically higher RSP than bedload 
sediment. All other mid elevation sites were similar to bedload sediment in RSP, but only 
CYM had lower RSP values compared to bedload sediment.
Mid elevation sites were similar to suspended sediment in Ca-P, and only NOM had 
statistically higher Ca-P than bedload sediment (Table 3.2). While not statistically 
significant, natural sites had higher Ca-P means than suspended sediment Mid elevations 
of the natural wetlands were statistically higher in Ca-P than CYM. CYM had the lowest 
Ca-P content
Mid elevation sites were similar to suspended and bedload sediment in Org-P (Table
3.2). Sediment deposited at NIM had the lowest Org-P mean while sediment deposited at 
all other mid elevation sites had higher Org-P means than bedload sediment Sediment

















Table 3.2. Mean (±1 SE) phosphorus (P) content for phosphorus forms in sediment from the Atchafalaya River and from the mid
elevations of created and natural wetlands in the Atchafalaya Delta. Different letters within a phosphorus form indicate that 





------|X g p g - ' soil------
Org-P Total P
NYM 113 (35)* 163 (86) “* 234 (24)ab 265(12) 631 (13) *
CYM 57 (5)cd 46 (5)° 139(10)° 148(55) 390 (64)b
NIM 115 (18)abc
oOO 240 (13) "h 59 (31) 501 (36) "h
CIM 202 (8) ab 108 (2) ^ 178 (58) ^ 342(171) 829(119)"
NOM 231 (55)ab 120 (3) 0 249 (17)“ 168 (84) 768 (109)a
COM 230 (5)ab 110 (9 )ab 193 (5) 319(18) 852 (27)a
AR Suspended 288 (4)a 154 (9)a 188 (6) ^ 235 (5) 863(138)*
AR Bedload 33 (5)d 60 (7) ■* 172 (3) * 62 (33) 326 (41)b
1 N=natural and C=created; Y=<l-3,1=5-10, and 0=15-20 years old; M=mid elevation; AR = Atchafalaya River

















Table 3.3. Mean (±1 SE) phosphorus (P) contents for phosphorus forms in sediment from the Atchafalaya River and from created and 
natural wetlands in the Atchafalaya Delta, LA. Different letters within a phosphorus form indicate that the values beside 




Fe/Al-P RSP Ca-P |
----- ug P g so il------
Org-P | Total P
NOL 188(47)“ 149 (26)* 244(10)“ 159 (84) * 739 (147) *
NOM 231 (55)“ 120 (3) “ 249(17)“ 168 (84) “b 768(109)“
NOH 295 (43) * 132(15)“ 183 (33) “b 291 (130) “b 901 (125)“
COL3 141 (-) 95 (-) 325 (-) 63 (-) 623 (-)
COM 230 (5)“ 110 (9) “b 193 (5) *b 319 (18) *” 852 (27)*
COH 275(59)“ 109(14)* 89 (11)c 449 (56) “ 922(103)“
CYL 132 (27)* 111 (2) * 186 (19) *b 207 (87) “b 636 (104) "b
AR Suspended 288 (4) “ 154 (9)“ 188 (6) *b 235 (5) *" 863(138)“
AR Bedload 33 (5)b 60 (7)b 172 (3)b 62 (33)b 326 (41)b
1 N=natural and C=created; 0=15-20 and Y=<l-3 years old; L=low, M=mid, and H=high elevation; AR = Atchafalaya River.
2 Soil phosphorus forms are iron- and aluminum-bound P, reductant-soluble P, calcium-bound P, organic P, and total P.
3 No standard error could be calculated because only one sample was obtained from the low elevation of CO.
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deposited at NYM and at the mid elevations of the intermediate-aged and old, created 
wetlands (CIM and COM) had higher Org-P means than suspended sediment.
Sediment deposited at all elevations of the old, natural and created wetlands (NO and 
CO) was similar to suspended sediment in total P, Fe/Al-P, RSP, and Org-P (Table 3.3). 
Although not statistically significant, the high elevations had higher total P than the 
suspended sediment All elevations of NO and CO also had higher total P, Fe/Al-P, and 
RSP than the bedload sediment (Table 3.3). Bedload sediment had statistically lower 
Fe/Al-P than COM, COH, and all elevations of NO. Bedload sediment had statistically 
lower RSP than COH and all elevations of NO while COM was similar to bedload 
sediment in RSP. The mid elevation of the old, created wetland and all elevations of NO 
were similar to suspended sediment in Ca-P (Table 3.3). The high elevation of the old, 
created wetland had statistically less Ca-P than suspended sediment, bedload sediment, 
COM and, all elevations of NO. The low elevation of NO (NOL) and NOM had 
statistically higher Ca-P than bedload sediment. Bedload sediment was similar to COM 
and all elevations of NO in Org-P (Table 3.3). The high elevation of the old, created 
wetland had statistically higher Org-P than bedload sediment.
For all phosphorus forms, sediment deposited at the low elevation of the young, 
created wetland (CYL) was similar to suspended sediment (Table 3.3). The low elevation 
of the young, created wetland had statistically higher Fe/Al-P and RSP than bedload 
sediment while it was similar to bedload sediment in Ca-P, Org-P, and total P.
Sediment deposited on created wetlands bad similar total P compared to their natural 
counterparts (Tables 3.2 and 3.3). Due mainly to a low Org-P, NTM contained the lowest 
total P. High elevations in the old wetlands had the highest total P. The mid elevation of 
the young, natural wetland was statistically higher in Ca-P than CYM (Table 3.2). The 
high elevation of NO (NOH) was statistically higher in Ca-P than COH (Table 3.3).
Total P, Org-P and Fe/Al-P of deposited sediment increased with increasing elevation 
while the opposite was true for Ca-P (Table 3.3). In deposited sediment, total P was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
41
positively correlated with Fe/Al-P and Org-P while Ca-P was negatively correlated with 
Org-P and organic carbon (Org-Q (Table 3.4). Org-C explained 70 percent of the 
variation in Org-P of deposited sediment.
In newly deposited sediment, percent clay ranged from 2 to 17, and percent sand 
ranged from 25 to 72 (Table 3.5). More clay was deposited at COM compared to NOM 
while less clay was deposited at CYM compared to NYM. The young sites had the 
highest sand percentages. The mid elevation of the young, created wetland had the 
highest sand percentage when compared to other sites. Bedload sediment had a higher 
sand percentage than newly deposited sediment (Table 3.5). Bedload sediment had a 
lower clay percentage than deposited sediment except for sediment deposited at CYM.
All elevations averaged greater than 1.0 cm year' 1 of sediment accumulation except 
the low elevation of CO (COL) (Table 3.6). The greatest sediment accumulation occurred 
at NIM. Except for plots at COH, plots closest to the river had the higher rates of 
accumulation. Except plots at the high elevation of the young, created wetland (CYH), 
interior plots averaged between 1.0 and 2.0 cm year1 of sediment accumulation. The 
sediment accumulation rate at COH was similar to that at interior plots. No sedimentation 
occurred at CYH.
DISCUSSION
The river data does support the hypothesis that the suspended sediment has a higher 
phosphorus content than the bedload sediment. This is consistent with the physical 
characteristics as the Atchafalaya River suspended sediment was finer textured than the 
bedload sediment and phosphorus tends to be concentrated in the smaller particle sizes 
(Syers et al., 1969). Since 1979, suspended sediment contained from 2 to 21 percent 
sand-size particles (> 0.062 mm; Table 3.7) compared to 86 percent sand-size particles 
contained by the bedload sediment (Table 3.5). The difference in particle size between the

















Table 3.4. Correlation coefficients for comparisons among phosphorus (P) forms1 and between each phosphorus form and 
organic carbon (Org-C) of recently deposited sediment.
Total P Fe/Al-P R&P da-P Org-P Org-C
Total P 1.00
Fe/Al-P 0.90 *2 1.00
RSP 0.31 0.38 * 1.00
Ca-P -0.29 -0.19 0.35 1.00
Org-P 0.81 * 0.59 * 0.16 -0.70 * 1.00
Org-C 0.80* 0.72 * 0.08 -0.61 * 0.84* 1.00
1 Fe/Al-P = iron- and aluminum-bound P, RSP = reductant-soluble P, Ca-P = calcium-bound P, and Org-P = organic P
2 * indicates that the correlation coefficient is significant at an alpha = 0.05.
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Table 3.5. Percentages of clay, silt, and sand for sediment deposited at each elevation of 







NYM 9 40 51
NIM 17 44 39
NOL 10 62 28
NOM 5 70 25
NOH 12 48 40
CYL 14 32 54
CYM 2 27 72
CYH N D 2 ND ND
CIM 15 55 30
COL ND ND ND
COM 15 53 32
COH 10 63 27
AR Bedload Sediment 7 7 86
1 N=natural and C=created; Y = < l-3 ,1=5-10, and 0=15-20 years old; L=low, M=mid, 
and H=high elevation; AR=Atehafalaya River.
2 ND =  Not determined due to insufficient sediment deposition.
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Table 3.6. Sediment accumulation at created and natural wetland sites in the Atchafalaya 
Delta, LA.





Mean (± 1 SE) 
(cm year'1)
NY-M1 riverside/interior 1.27-2.86 2.06
NY-M2 riverside/interior 1.91-3.18 2.54 3.9 (1.6)
NY-M3 riverside 5.08-8.89 6.99
CY-L1 backbay 1.27-2.22 1.75
CY-L2 backbay 2.54-3.18 2.86 2.5 (0.4)
CY-L3 backbay 2.54-3.18 2.86
CY-M1 interior 0-2.54 1.27
CY-M2 interior 2.54-2.86 2.70 2.4 (0.6)
CY-M3 interior 2.54-3.81 3.18
CY-H1 interior 0 0.00
CY-H2 interior 0 0.00 0.0
CY-H3 interior 0 0.00
NI-M1 riverside 6.35-10.16 8.26
NI-M2 riverside 5.08-7.62 6.35 7.3 (0.8)
Q -M l riverside 4.45-5.08 4.76
CI-M2 interior 2.22-2.54 2.38 3.6 (1.0)
NO-LI backbay 1.91-3.18 2.54
NO-L2 backbay 1.91-3.18 2.54 2.8 (0 .2)
NO-L3 backbay 2.54-3.81 3.18
NO-MI interior 1.91-2.54 2.22
NO-M2 interior 1.27-1.27 1.27 1.7 (0.3)
NO-M3 interior 0.95-2.54 1.75
NO-HI riverside/interior 2.54-3.81 3.18
NO-H2 riverside/interior 2.54-3.18 2.88 3.5 (0.5)
NO-H3 riverside 3.81-5.08 4.45
CO-L32 backbay 0-0.64 0.32 0.32
CO-MI interior 1.27-1.27 1.27
CO-M2 interior 2.22-3.18 2.70 1.5 (0.6)
CO-M3 interior 0-1.27 0.64
CO-HI riverside/interior 0.64-2.54 1.59
CO-H2 riverside/interior 1.27-1.91 1.59 1.9 (0.3)
CO-H3 riverside/interior 1.91-2.86 2.38
1 Ocreated, N=natural; Y =l-3,1=5-10, and 0=15-20 years old; L=low, M=mid, and H=high elevation.
2 The marker horizon was found at only one plot at COL.
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Table 3.7. Average discharge and water quality data for the Atchafalaya River, LA from 










(% < 0.062 mm)
1979 198,918 0.22 413 89
1980 147,109 0.22 252 93
1981 100,250 0.28 252 99
1982 123,317 0.2 431 94
1983 206,517 0.21 321 81
1984 142,658 0.11 289 91
1985 147,000 0.1 321 93
1986 116,458 0.17 308 93
1987 139,945 0.3 458 90
1988 116,627 0.14 326 86
1989 155,175 0.16 261 83
1990 166,775 0.17 291 88
1991 180,167 0.14 256 79
1992 143,775 0.15 231 92
1993 205,167 0.15 274 85
1994 202,625 0.14 237 82
1995 172,060 0.09 217 89
1996 111,717 0.43 226 98
1 A water year is from October 1st of previous year through September of stated year.
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suspended and bedload sediments also explains the difference in the dominant 
phosphorus fraction. Fe/Al-P is higher in silt/clay-size particles while Ca-P is higher in 
sand-size particles (Syers et al., 1969). Because bedload sediment was coarser grained 
than suspended sediment, Ca-P should make up a higher percentage o f the total P in the 
bedload as compared to the suspended sediment Conversely, Fe/Al-P should make up a 
higher percentage of the total P in the suspended as compared to the bedload sedimenL 
The bedload sediment o f the Mississippi River is also dominated by Ca-P. In a study of 
bottom sediment from the Mississippi Delta phosphorus solubility was controlled by Ca-P 
which indicated that Ca-P dominated this sediment (Fox et al., 1985). Because the 
Atchafalaya River is a distributary of the Mississippi River, their bedload sediments were 
expected to be similar.
Differences in the phosphorus content of bedload and suspended sediment appear to 
be responsible for the differences in CY and NY reported in Chapter II (Table 2.1). Total
P reported for CY was 247 to 289 |ig P g soil' 1 which is similar to the total P of the
bedload sediment (Table 3.2). Total P reported for NY was 430 (ig P g soil' 1 which is
higher than the total P o f the bedload sediment, but it is lower than the total P of the 
suspended sediment (Table 3.2). Because the finest suspended sediment will remain 
suspended and not be deposited, it is not unexpected for total P of NY to be lower than 
the suspended sediment. However, total P of NY reported in Chapter II is still lower 
when compared to the total P of sediment deposited at NY (Tables 2.1 and 3.2). Newly 
deposited sediment had a higher total P because of a higher Org-P content Because 
organic matter increases as a wetland ages, it is not unexpected for the accumulated 
sediment sampled in this study to be higher in Org-P than sediment collected two years 
earlier. Also, total P could be higher because phosphorus associated with the Atchafalaya 
River’s suspended sediment was higher during the sampling year than during previous 
years (Table 3.7). This would also explain why, for all phosphorus forms except Ca-P,
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phosphorus reported in Chapter II was lower at all sites than phosphorus in the newly 
deposited sediment (Tables 2.1, 2.1,3.2 and 3.3).
Variation in total P among sites is explained by the variation in Fe/Al-P and Org-P 
(Table 3.4). Iron- and aluminum-bound P can become soluble under anaerobic 
conditions due to the reduction of ferric iron to ferrous iron (Syers et al., 1973). If this 
phosphorus moves to an aerobic area, such as the sediment surface, then it can become 
insoluble again when soluble iron is oxidized back to ferric iron. Differences in organic P 
probably result from different rates of organic matter deposition and of on-site organic 
matter production.
Although not significant, some natural sites had higher Ca-P in deposited sediment 
compared to suspended sediment It is possible that Ca-P is preferentially deposited on 
the wetlands. Newly deposited sediment should be coarser than the suspended sediment 
since not all the fine material would be deposited, and Ca-P is associated with coarse­
grained material. Sites where Ca-P is not higher than the suspended sediment also 
contain high amounts of Org-P. It is possible that the organic compounds associated with 
the organic matter either solubilize the Ca-P or prevent solubilized phosphorus from 
forming Ca-P (Stevenson, 1987). This would also explain the negative correlation 
between Ca-P and Org-P. This negative correlation is also apparent when the newly 
deposited sediment is compared to the data presented in Chapter II (Tables 2.1 and 2.2). 
Ca-P of newly deposited sediment is lower than the Ca-P of surface sediment reported in 
Chapter II when Org-P is higher in the deposited sediment.
In chapter n, surface sediment was dominated by Ca-P while in this study Ca-P did 
not dominate either the suspended sediment or the newly deposited sediment. One 
explanation for this is that sediment carried by the river during the sampling period 
contained a lower percentage of Ca-P than sediment carried in prior years. This is 
supported by the fact that during the 1996 water year, suspended sediment was finer 
grained than during previous water years (Table 3.7). It is also possible that Fe/Al-P and
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Org-P are lost from the system through time thereby making Ca-P the dominant fraction. 
One possible mechanism for loss is the transformation of Fe/Al-P to Org-P by plants and 
then transport of Org-P out of system by floods. Another possible mechanism is the 
leaching o f reduced Fe/Al-P and of mineralized Org-P
The similarity between total P contents in sediment deposited at both created and 
natural wetlands indicates that created wetlands can develop natural phosphorus 
characteristics through the deposition of suspended sediment. All sites except COL 
experienced greater than one cm of sediment accumulation per year. These sedimentation 
rates would deposit greater than 10 cm of sediment in 10 years. Therefore, sedimentation 
of suspended sediment could account for the similarity in phosphorus characteristics of 
surface sediments from NO and CO reported in Chapter II (Table 2.2).
Sediment accumulation depended more on distance from the river rather than 
elevation. Except for COH, sites closest to the river experienced the highest accumulation 
rates. A large berm at the riverside edge of CO is responsible for the low sedimentation 
rate experienced by the high elevation stratum. Survey data indicated that the elevation of 
the berm was approximately one meter NGVD. This would prevent any direct flooding 
of COH by the river. Therefore, sediment which accumulated at COH was probably a 
combination of sediment washed in from other parts of the wetland and organic matter 
produced on site. Even though sediment which accumulated at COH and NOH have 
similar total P contents, the COH sediment is higher in Org-P and statistically lower in 
Ca-P which suggest that the phosphorus content at this site is controlled more by 
autogenic processes and also support the conclusion that the sediment at COH is a 
combination of recycled sediment and organic matter. This may account for the 
differences between COH and NOH reported in Chapter II (Table 2.2). One explanation 
for the low sedimentation rate at COL was that feldspar horizons were difficult to locate. 
The marker horizons were put down while the sites were flooded and, therefore, may 
have washed away with the tide.
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The low phosphorus and high sand contents o f the sediment deposited at CYM 
indicate that this sediment was also not deposited by the river. This sediment most likely 
washed down from the higher elevations at the interior of CY. This would explain why 
this sediment is similar to the bedload sediment and why the mid-elevation stratum 
experienced a sediment accumulation rate similar to the low-elevation stratum even though 
the mid-elevation stratum was further from the river. No sediment deposition occurred at 
CYH even though its elevation indicates that the river should have flooded CYH. Due to 
the configuration of CY, the high elevation was not created as a riverside levee, but rather 
the center of the island is the highest elevation. Therefore, most sediment probably 
dropped out of the floodwater before the high elevation was flooded. Because it appears 
that COH, CYM and CYH are not receiving suspended sediment from the river, they can 
not be expected to develop characteristics similar to natural wetlands in the Atchafalaya 
Delta.
Not only does the deposition of suspended sediment help created wetlands develop 
natural characteristics, it is also the mechanism by which phosphorus is removed from the 
river. Tidal freshwater wetlands are considered to be nutrient transformers. Nutrients are 
imported in inorganic form and exported in organic or gaseous forms. However, in the 
Atchafalaya Delta, nutrients may be retained through burial, because the wetlands 
experience high rates of sedimentation and subsidence. By combining data on total P and 
sedimentation rate from this study with data on bulk density (Appendix A: Table A), it is 
possible to determine the phosphorus accumulation rate for each site (Table 3.8). 
Phosphorus accumulation rates ranged from 141 to 406 kg P ha’1 year'1 for natural 
wetlands and from 17 to 195 kg P ha'1 year' 1 for created wetlands. In a review of nutrient 
retention by freshwater wetlands, Johnston (1991) reported phosphorus accumulation 
rates which ranged from 1 to 82 kg P ha' 1 year' 1 for wetlands with mineral soils. 
However, it should be noted that most of these wetlands were not river dominated 
systems. Due to their high sedimentation rates, wetlands in the Atchafalaya Delta have the
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Table 3.8. Phosphorus accumulation rates for each strata within the created and natural 





Phosphorus Accumulation Rate 
kg P ha' 1 year' 1
NY Mid 281(113)





CY Mid 120 (42)
High 0 2
Cl Mid 168 (48)
Low 17 ( - ) 3
CO Mid 149 (43)
High 48 (2)
1 N=natural and C=created; Y =<l-3,1=5-10, and 0=15-20 years old.
2 No sediment accumulated at CYH from June 1995 to June 1996 so the phosphorus 
accumulation rate was zero.
3 The phosphorus accumulation rate could only be determined for one plot at COL so no 
error could be calculated.
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potential to intercept large phosphorus loads destined for the Gulf o f Mexico. The low 
phosphorus accumulation rates reported for COH, CYM, and CYH are the result of the 
poor creation techniques cited above. Therefore, wetlands artificially created in the 
Atchafalaya Delta should be graded to mimic natural wetland elevations so they can 
maximize their phosphorus retention.
CONCLUSIONS
In the Atchafalaya River, bedload sediment was statistically lower in total P than the 
suspended sediment due to the higher sand content of the bedload sediment Also, as a 
result of particle size differences, Fe/Al-P dominated the suspended sediment while Ca-P 
dominated the bedload sediment Differences in phosphorus and particle size between 
suspended and bedload sediment would explain the differences between NY and CY 
reported in Chapter II. Therefore, in the Atchafalaya Delta, wetlands created from 
bedload sediment will contain less phosphorus than natural wetlands of the same age.
Sediment deposited at all sites but CYH, COH, and CYM contained similar amounts 
of phosphorus. No sediment was deposited at CYH while sediment which accumulated 
at COH and CYM was probably a combination of organic matter and of sediment 
resuspended and transport from within each wetland. The artificial design of these 
wetlands appears to prevent the direct deposited of suspended sediment by the river. 
Therefore, created wetlands should be graded to mimic natural wetland elevations so that 
they can develop natural phosphorus characteristics through the deposition of suspended 
sediment The amount of time it takes for created wetlands in the Atchafalaya Delta to 
develop natural phosphorus characteristics depends upon the design of the created 
wetland and the rate of sedimentation experienced by the created wetland. Due to their 
design, COH, CYM, and CYH indicates that these sites may never develop wetland soil 
characteristics similar to their naturally formed counterparts.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV
SOIL PHOSPHORUS PROFILES OF NATURAL AND CREATED 
WETLANDS IN THE ATCHAFALAYA DELTA, LA.
INTRODUCTION
Results in Chapter HI indicated that Atchafalaya River bedload sediment has lower 
phosphorus than the river’s suspended sediment. This difference most likely resulted 
from the coarser grain size of the bedload sediment Therefore, in the Atchafalaya Delta, 
it can be expected that wetlands created from bedload sediment will have lower sediment 
phosphorus contents than natural wetlands formed from finer grained suspended 
sediment Results from Chapter HI also indicate that river sediment deposited on both 
created and natural wetlands have similar phosphorus contents. The deposition of similar 
sediment onto both created and natural wetlands could cause the convergence of their 
surface phosphorus content with time. If one assumes that the old, created wetland 
contained less phosphorus than the old, natural wetland when they were formed, then the 
similarities between the old wetlands reported in Chapter II would confirm this 
hypothesis. However, it is not known if the old, created wetland had lower sediment 
phosphorus contents than the old, natural wetland when both were initially formed. 
Differences in sediment phosphorus content between the old wetlands at the high 
elevation were thought to be the result of differences between the wetlands when they 
were formed. However, in the early 1970’s, when the old wetlands were formed, the 
Atchafalaya River was carrying a coarser suspended sediment load than it does presently 
(van Heerden, 1994). It is possible that the old, natural wetland was formed from 
sediment that was similar to the bedload sediment in grain size and phosphorus content 
If the old wetlands were similar upon formation then conclusions from the old wetland 
comparison can not be applied to younger wetlands.
52
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Data from several studies indicate that phosphorus can mobilize in subsurface 
wetland sediments and migrate toward the surface where it accumulates (Sundby et al., 
1992; Hatton et al., 1982; DeLaune et al., 1981). Phosphorus associated with iron 
phosphates and occluded by iron oxides solubilizes under reduced soil conditions when 
ferric iron is converted to ferrous iron (Patrick et al., 1973). Soil reduction occurs in 
wetlands due to soil saturation. Phosphorus can move through a reduced soil column and 
can accumulate at the surface where the ferrous iron is reoxidized and again binds or 
occludes the phosphorus (Sundby et al., 1992; Hynes and Greib, 1969). Wetland plants 
also play a role in the translocation of phosphorus from subsurface to surface sediments 
(Stevenson, 1986). Plants uptake phosphorus at depth and, upon their death, redeposit it 
at the surface as organic phosphorus. If phosphorus migration is occurring in the 
Atchafalaya Delta wetlands then the lower phosphorus status of the dredge sediment may 
result in lower phosphorus migration in created wetlands as compared to natural 
wetlands. This means that even if similar sediment is deposited on both natural and 
created wetlands, created wetlands might still be lower than natural wetlands in surface 
phosphorus due to lower import from subsurface sediments.
Phosphorus migration also has implications for the phosphorus retention ability of 
the Atchafalaya Delta wetlands. These wetlands experience high rates of subsidence and 
sedimentation (van Heerden, 1994). Because phosphorus is mainly associated with 
sediments, there is a high potential for these wetlands to retain phosphorus through 
burial. However, burial may not be a permanent retention mechanism for all of the 
phosphorus. If the phosphorus migrates to the sediment surface, it can be exported from 
the wetland due to soil erosion or organic matter decomposition.
The objectives of this study were 1) to determine if the subsurface sediment in the 
old, created wetland contains less phosphorus than the old, natural wetland and 2) to 
determine if phosphorus migration from subsurface sediments to surface sediments is 
occurring in Atchafalaya Delta wetlands.




The Atchafalaya River is a natural distributary of the Mississippi River that has 
captured increasing amounts of Mississippi River discharges and sediments over the years 
(Fisk, 1952). This natural process was halted with the construction of a control structure 
in 1963 that maintains the Atchafalaya River flow at 30% of the combined Mississippi and 
Red River flows (Roberts and van Heerden, 1992). As the sediment carried by the 
Atchafalaya River filled the Atchafalaya Basin to near capacity by the 1950's, additional 
sediment was carried downstream to the mouth of the river initiating subaqueous delta 
growth (Roberts et al., 1980). This new delta became subaerial in 1973 and has 
continued to expand (Fig. 2.1), providing a set of natural wetland islands ranging in age 
from 0 to 20 years in 1993.
In addition to these naturally formed wetlands, wetlands have been created through 
U. S. Army Corps of Engineers dredging operations. The west channel of the 
Atchafalaya River is used for navigation by commercial vessels and must be dredged 
periodically to maintain the required depth. The dredged sediment has been used to create 
wetlands since 1973. Therefore, within the same hydrologic regime, we have both 
naturally and artificially created wetlands of similar ages.
In 1993, aerial photography, satellite imagery, and records from the U. S. Army 
Corps of Engineers dredging program were used to locate and age both natural and 
created wetlands. From these data, three age classes of wetlands were chosen: young (<1 
to 3 years), intermediate (5 to 10 years), and old (15 to 20 years). Due to the nature of 
dredge placement in the delta only one natural and one created wetland site could be 
selected in each of the three age classes. In chapter n, the old age class contained two 
natural wetland sites, but one located on the west side of the delta was impacted by dredge 
sediment in 1994 so sampling at this site was discontinued.
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The wetland formation processes result in an elevation gradient across the islands 
with a distinct plant community associated with specific elevations. Black willow (Salix 
nigra Marshall) is found on the higher elevation natural levees with a mixed freshwater 
marsh community (Colocasia antigorum, Polygonum punctatum  Elliot, Scirpus pungens 
Vahl, and Panicum virgatum L.) at the next lower elevation. The lowest elevation areas 
were unvegetated mud flats. Each island was stratified according to these elevation 
gradients and three sampling plots were established in each strata. Relative elevations 
within a wetland were determined with a laser level and elevation differences among plots 
within a strata were less than 10 cm. The old, created and natural sites (CO and NO) and 
the young, created site (CY) had low, mid and high elevations. The intermediate-aged, 
created and natural sites (Cl and NT) and the young, natural site (NY) had only the mid 
elevation present because they were formed as spits off o f existing islands and were not 
islands themselves. In 1996, permanent and temporary benchmarks were used to 
determine elevations relative to the 1969 NGVD (Table 3.1). Flooding duration and 
frequency were determined using U. S. Army Corps of Engineers tide gauge data from 
the 1994 water year.
Sample Collection and Analyses
Sample Collection. In September of 1995 and May of 1996, sediment was collected 
from the surface and at 20 cm, and 50-cm depths at each sampling plot. The surface 
sample was collected using a 10 cm x 2 cm soil corer. The depth samples were collected 
using a soil auger. Samples were placed in polyethylene plastic bags and transported on 
ice back to the Wetland Biogeochemistry Institute. At the lab, each sample was 
homogenized by hand and three subsamples were taken from each for phosphorus and 
moisture content determinations. One subsample was subjected to sequential chemical 
extraction to fractionate soil phosphorus into iron- and aluminum-bound, reductant- 
soluble and calcium-bound phosphorus (Fig. 2.2; Olsen and Sommers, 1982), one
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subsample was acid digested to extract total phosphorus (Plumb, 1982). Acid digestion 
consisted of adding 25 ml of concentrated nitric acid, 5 ml of concentrated sulfuric acid, 
and the subsample to a 250 ml Erlenmeyer flask. The flask was then heated until the acid 
solution boiled down to 5 ml, white fumes appeared and the solution turned colorless.
The solution was then diluted and centrifuged and the supernatant saved for phosphorus 
determination. The final subsample was dried at 105°C to constant weight to determine 
moisture content. All phosphorus analyses were conducted on wet soil samples because 
drying the samples changes their phosphorus fractions. Results are reported on a dry 
weight basis. Particle size of sediment in the homogenized samples was determined after 
they were air dried and ground to pass a 2 mm mesh sieve (Patrick, 1958).
Phosphorus Determination. The dithionite in the citrate-dithionite-bicarbonate (CDB) 
extract interferes with the spectrophotometric determination of phosphorus due to the 
precipitation of elemental sulfur. To remove this interference, elemental sulfur was 
precipitated out of the CDB extracts prior to phosphorus analysis by adding 5 N H2SO4 
to an aliquot of an extract (modified from Paludan and Jensen, 1995). Precipitated sulfur 
was then removed by centrifugation and filtration before colorimetric analysis.
Phosphorus in the citrate-bicarbonate, and acidified CDB extracts were determined 
according to the method outlined by Weaver (1984) after neutralization of the extracts. 
Total phosphorus and phosphorus in the remaining fractionation extracts were determined 
according to the method outlined by Murphy and Riley (1962) after neutralization of the 
extracts.
The citrate-bicarbonate extract removes phosphorus reabsorbed during the extraction 
by NaOH/NaCl. NaOH/NaCl extracts mainly iron- and aluminum-bound phosphorus, 
therefore, the phosphorus concentrations in the NaOH/NaCl and citrate-bicarbonate 
extracts were combined and operationally defined as iron- and aluminum-bound 
phosphorus (Fig. 2.2). The CDB/NaCl extraction was defined as reductant-soluble 
phosphorus because it extracts phosphorus which becomes soluble upon soil reduction.
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Calcium-bound phosphorus was extracted by the H Q  solution . Phosphorus not 
extracted by the fractionation procedure, residual phosphorus, was determined by 
subtracting the sum of the phosphorus fractions from the total phosphorus. When the a 
residual P value was less than zero, it was assumed to be zero for mean and standard 
error determinations. Therefore, for a given site, total P may not equal the sum of the 
phosphorus fractions. Residual P is usually considered to be organic phosphorus; 
however, it can also contain inorganic phosphorus that was not extracted by the 
fractionation procedure. For this study, we considered the residual phosphorus to be 
organic phosphorus.
Statistical Analyses. For the old wetland comparison, the effect of changes in depth 
on phosphorus characteristics within elevation and wetland type was examined using a 
split-split-plot analysis of variance (ANOVA) with wetland type as the whole-plot factor, 
elevation as the split-plot factor, and depth as the split-split-plot factor (GLM procedure; 
SAS Institute Inc., 1985). A plot of residuals vs. predicted values indicated that the 
variances within each of the Fe/Al-P and RSP data sets were nonhomogeneous. To 
satisfy the assumption of homogeneity of variances, the square root of the Fe/Al-P data 
and the natural log of the RSP data were used in the statistical analysis. Individual means 
were compared using Least Square Means with Tukey’s adjustment for multiple 
comparisons.
For the mid elevation comparison, the effect of changes in depth on phosphorus 
characteristics within a wetland type and age class was examined using a split-plot 
ANOVA with wetland type and age class as whole-plot factors and depth as the split-plot 
factor. (GLM procedure; SAS Institute Inc., 1985). A plot of residuals vs. predicted 
values generated by the GLM procedure indicated that the variances of the total P data 
were nonhomogeneous. Using the univariate procedure (SAS Institute Inc., 1985), 
Fe/Al-P data were not normally distributed. To satisfy the assumptions of normality and 
of homogeneity of variances, the natural log of the Fe/Al-P data and the natural log of the
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total P data were used in the statistical analysis. Individual means were compared using 
Least Square Means with Tukey’s adjustment for multiple comparisons.
The effect of changes in depth on phosphorus characteristics by elevation within CY 
was examined using a split-plot ANOVA with elevation within CY was the whole-plot 
factor and depth as the split-plot factor (GLM procedure; SAS Institute Inc., 1985). A 
plot of residuals vs. predicted values generated by the GLM procedure indicated that the 
variances o f the RSP data were nonhomogeneous. Using the univariate procedure (SAS 
Institute Inc., 1985), Fe/Al-P data were not normally distributed. To satisfy the 
assumptions of normality and of homogeneity of variances, the natural log of the Fe/Al-P 
fat? and the natural log of the RSP data were used in the statistical analysis. Individual 
means were compared using Least Square Means with Tukey’s adjustment for multiple 
comparisons.
Because changes in percent clay can confound changes in phosphorus with depth, 
changes in phosphorus content independent of changes in percent clay were examined 
through sim ple linear regression (REG procedure; SAS Institute Inc., 1985). Studentized 
residuals were used to determine if more or less phosphorus was present in the sediment 
than would be expected from the clay percentage. A positive residual indicated an 
enrichment of phosphorus while a negative residual indicated a depletion of phosphorus.
RESULTS
Old W etland Comparison
At sim ilar elevations and depths, total phosphorus (P) was not significantly different 
between the old, created and natural wetlands (CO and NO) (Table 4.1). Even though no 
significant differences were found, trends in the data indicate that some differences may 
be real. Therefore, even non significant differences in the data will be highlighted. The 
biggest difference in total phosphorus between the low elevation of CO (COL) and the
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Table 4.1. Comparison by elevation and depth of mean (±1 SE) phosphorus (P) content 
for sediment phosphorus forms in old, created and natural wetlands in the 
Atchafalaya Delta, LA. Different letters within a phosphorus form indicate 
that the values beside them are significantly different at an alpha = 0.05.
Sediment Phosphorus Forms L
Wetland
S ite1
Depth Fe/Al-P | RSP Ca-P Org-P “ | Total P
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80 ( 12) b 
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101 (24)35 
38 (6) abc 
21 (3)c
278 (22) *  
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216 ( 12) “bcd 





568 (37) "* 
262 (88) d 
307 (50) *
1 N=natural and C=created; 0=15-20 years old; L=low, M=mid, and H=high elevation.
2 Fe/Al-P=iron- and aluminum-bound P, RSP=reductant-soluble P, Ca-P=calcium- 
bound P, and Org-P=organic P.
3 Organic P at each plot was determined by subtracting the sum of the inorganic P 
fractions from the total P for that plot. Negative values were assumed to be zero. 
Therefore, total P may not equal the sum of the inorganic and organic P fractions
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low elevation of NO (NOL) occurred at the 20-cm depth with NOL having the higher 
mean (439 vs. 348 fig P g soil"1). The mid elevation of CO (COM) had higher total 
phosphorus at the surface than the mid elevation of NO (NOM) (648 vs. 512 (ig P g 
soil"1), but NOM had higher total phosphorus at the 50-cm depth (430 vs. 282 p g P g  
soil'1). At all depths, the high elevation of NO (NOH) was higher in total P than the high 
elevation of CO (COH).
At all depths of the low and mid elevations, there were no statistically significant 
differences in the soil phosphorus fractions between CO and NO (Table 4.1). At the 
surface, COM had higher iron- and aluminum-bound (Fe/Al-P), reductant-soluble (RSP), 
and organic phosphorus (Org-P) than NOM while at the 50-cm depth all phosphorus 
fractions of NOM were higher than COM. The high elevation of NO was higher in Fe/Al- 
P and RSP at the surface and significantly higher in calcium-bound phosphorus (Ca-P) at 
the 20-cm depth when compared to COH (Table 4.1).
At all elevations, total phosphorus means decreased with depth in both CO and NO, 
but only at NOH, COM, and COH was the decrease statistically significant (Table 4.1). 
The decrease in total phosphorus with depth at NOH was due to statistically significant 
decreases with depth in Fe/Al-P and RSP. Although not statistically significant, the 
decrease in total phosphorus at COH was due to a decrease with depth in all phosphorus 
fractions. At COM, all phosphorus fractions tended to decrease with depth, however, 
only the decrease in RSP was statistically significant
At the surface, NOH had statistically higher total phosphorus (816 pg P g soil'1) 
compared to NOM (512 pg P g soil'1) due to a statistically higher Fe/Al-P (Table 4.1). 
While not significant, NOH had a higher RSP than NOM. The high elevation of NO also 
had higher total phosphorus than NOL (568 pg P g soil'1), but the difference was not 
significant. The mid elevation of CO had the highest total phosphorus content at the 
surface (648 pg P g soil'1) and at the 20-cm depth (479 pg  P g soil'1) when compared to
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similar depths at COL and COH (Table 4.1). At the 20-cm depth, COM had statistically 
higher Ca-P than COH.
Wetland Comparison With Depth
At mid elevations, there were no statistically significant differences in total P, RSP, 
and Ca-P between created wetlands and their natural counterparts at similar depths (Table
4.2). At the surface, the intermediate-aged, created wetland (CIM) had statistically higher 
Org-P than the intermediate-aged, natural wetland (NIM). Although not significant, CIM 
also had higher total P, Fe/Al-P and RSP at the surface than NIM. At the 50-cm depth, 
NOM was statistically higher in Fe/Al-P than COM. This contradicts the statistics 
presented in Table 4.1. The conservative approach would be to assume that Fe/Al-P at 
the 50-cm depth of NOM and COM are not statistically different. This is also true for the 
statistically significant decrease with depth in total P, Org-P and Fe/Al-P which occurred 
at COM in Table 4.2 but not in Table 4.1. A statistically significant decrease with depth 
in total phosphorus occurred at CIM due to statistically significant decreases in RSP and 
Org-P. While not significant, Fe/Al-P also decreased with depth at CIM. A decrease in 
total phosphorus with depth in the natural wetlands was not apparent.
Surface sediments at COM and CIM were statistically higher in total phosphorus than 
surface sediments at the mid elevation of the young, created wetland (CYM) (Table 4.2). 
At the surface, COM was statistically higher then CYM in Ca-P while Cl was statistically 
higher than CYM in Fe/Al-P, RSP, and Org-P. The mid elevation of CO was also 
statistically higher in Ca-P at the surface compared to CIM and statistically higher in Ca-P 
at the 20-cm depth compared to CYM. At the 50-cm depth of the created wetlands there 
was no apparent increase in total phosphorus with increasing wetland age (Table 4.2).
At the 20-cm depth, NOM was statistically higher in total P compared to the mid 
elevation of the young, natural wetland (NYM) due to statistically higher Ca-P at NOM 
(Table 4.2). There were no other statistically significant differences in total phosphorus
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Table 4.2. Comparison by wetland age and depth of mean (±1 SE) phosphorus (P)
contents for sediment phosphorus forms at the mid elevation of created and 
natural wetlands in the Atchafalaya Delta, LA. Different letters within each 
phosphorus form indicate that the values beside them are significantly 
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25 (2) d
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235 (28) abcde 
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154 (11) 45 
126 (20) abc 
41 (11)“*
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479 (8) **  
282 (5) "
1 N=natural and C=created; Y=<l-3,1=5-10, and 0=15-20 years old; M=mid elevation.
2 Fe/Al-P=iron- and aluminum-bound P, RSP=reductant-soluble P, Ca-P=calcium- 
bound P, and Org-P=organic P.
3 Organic P at each plot was determined by subtracting the sum of the inorganic P 
fractions from the total P for that plot. Negative values were assumed to be zero. 
Therefore, total P may not equal the sum of the inorganic and organic P fractions.
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between the natural wetlands at similar depths (Table 4.2). At the surface and at the 20- 
cm depth, natural wetlands exhibited a trend of increasing total P with increasing age.
Total phosphorus was statistically higher at the 50-cm depth of CY’s low elevation 
(CYL) compared to total P at any other depth and elevation in CY (Table 4.3). This 
statistically significant difference appeared to result from higher Fe/Al-P, Ca-P, and Org- 
P at the 50-cm depth of CYL. Although not statistically significant, total phosphorus 
tended to decrease from the surface to the 20-cm depth regardless of elevation due to 
decreases in RSP and Org-P.
Sediment Particle Size Comparison
Trends in percent clay tended to follow trends in total phosphorus (Table 4.4). Clay 
percentage explained 76 percent of the variability in the total phosphorus data (Fig. 4.1). 
Because total P of surface sediments were generally higher and total P of the 50-cm 
sediments were generally lower than the predicted values of the regression, residual 
values from the total P vs. clay regression were outputted and graphed by depth for each 
site (Fig. 4.2). For each site, the residual value for a given depth is the difference 
between the measured total P content at that depth and the total P content that would be 
expected from the clay percentage at that depth. At most sites, studentized residuals 
tended to decrease from the surface to the 20-cm depth. The surface of NOH and COM 
had the highest positive residuals. The greatest decrease in residuals with depth was 
experienced by NOH and COM. The next highest decrease in residuals with depth 
occurred for NOM and Cl.
From the surface to the 20-cm depth, large increases in percent sand occurred in CO 
and Cl (Table 4.4). Sand percentages at the 20-cm and 50-cm depths in CO and Cl were 
comparable to the percentages of sand in CY. An increase in percent sand from the 
surface to the 20-cm depth also occurred in NY and NI, but, at the 20-cm depth, the 
percentages of sand in these wetlands was still lower than in their created counterparts.
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Table 4.3. Comparison by elevation and depth of mean (+1 SE) phosphorus (P) contents 
for sediment phosphorus forms in the young, created wetland in the 
Atchafalaya Delta, La. Different letters within each phosphorus form indicate 
that the values beside them are significantly different at an alpha = 0.05.
Sediment Phosphorus Forms 1
Wetland
S ite '
Depth Fe/Al-P RSP Ca-P 









5 8 ( l ) ab 
20 (2) *  
51 (20) a
















49 (11 )*  
23 (1) *  
34 (17 )ab
152 (5) * 














2 1 ( 1)
32 (5) 86 
16 (2) b 
14 (1) b
165 (9) * 





280 (9 )b 
217 (12)b 
240 (5 )b
1 C=created; Y=<l-3 years old; L=low, M=mid, and H=high elevation.
2 Fe/Al-P=iron- and aluminum-bound P, RSP=reductant-soluble P, Ca-P=calcium- 
bound P, and Org-P=organic P.
3 Organic P at each plot was determined by subtracting the sum of the inorganic P 
fractions from the total p for that plot. Negative values were assumed to be zero. 
Therefore, total P may not equal the sum o f the inorganic and organic P fractions.
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Table 4.4. Comparison by elevation and depth of percent clay and sand in created and 
natural wetlands in the Atchafalaya Delta, LA.
Wetland






. . . . . . . . . .  7 0 ................
surface 3 85
CYL 20 cm 2 97
50 cm 10 46
surface 10 48 surface 3 86
NYM 20 cm 5 82 CYM 20 cm 4 96
50 cm 10 39 50 cm 4 96
surface 2 90
CYH 20 cm N D 2 ND
50 cm ND ND
surface 10 40 surface 15 34
NIM 20 cm 7 73 CIM 20 cm 5 87
50 cm 6 69 50 cm 6 69
surface 16 22 surface 13 29
NOL 20 cm 12 42 COL 20 cm 8 75
50 cm 10 72 50 cm 11 86
surface 12 34 surface 12 22
NOM 20 cm 15 37 COM 20 cm 13 72
50 cm 14 41 50 cm 6 89
surface 17 26 surface 16 29
NOH 20 cm 15 42 COH 20 cm 7 87
50 cm 6 85 50 cm 7 88
1 N=natural and C=created; Y=<l-3,1=5-10, and 0=15-20 years old; L=low, M=mid, 
and H=high elevation.
2 ND=Not determined due to insufficient quantity of sediment.
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Figure 4.1. Regression of total phosphorus as a function of clay percentage for sediment 
samples collected from three depths in created and natural wetlands in the 
Atchafalaya Delta, LA. Triangles represent surface samples, squares 
represent 20-cm depth samples, and circles represent 50-cm depth samples.
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Studentized Residual
Comparison by site and depth of the studentized residuals generated from a 
regression of percent clay and total phosphorus. C = created wetland, N = 
natural wetland, O = 15 to 20 years old, I = 5 to 10 years old, Y = < 1 to 3 
years old, L = low elevation, M = mid elevation, and H = high elevation




The smallest increases in percent sand from the surface to the 20-cm depth occurred in 
NO. At NOL and NOH, large increases of percent sand occurred from the 20-cm to the 
50-cm depth.
DISCUSSION
As in Chapter n, surface sediments of the old, created wetland (CO) had phosphorus 
characteristics similar to sediments of the old, natural wetland (NO) at the low and mid 
elevations but not at the high elevation. In Chapter n, it was hypothesized that 
differences in the phosphorus content of the sediment which formed CO and NO were 
responsible for the differences reported for the high elevation. Even though CO and NO 
exhibited only one significant difference in subsurface phosphorus, trends in the data 
suggest that the dredge sediment used to form CO was lower in phosphorus than the 
sediment which formed NO.
At the low elevation of CO (COL), total P decreased from the surface to the 20-cm 
depth due to a decrease in percent clay and an increase in percent sand. At the 20-cm 
depth, COL had a higher percent sand than the low elevation of NO (NOL) which would 
indicate the presence of dredge sediment at COL. However, at the 20-cm depth, COL had 
a lower percent sand, higher percent clay and higher total phosphorus than bedload 
sediment as reported in Chapter HI (Tables 3.3 and 3.4). The low elevation strata is at the 
backside of the island which is the part of the island farthest from the dredge discharge 
point Dredge sediment most likely mixed with suspended sediment in the formation of 
the low elevation strata.
The mid elevation of CO (COM) had higher total phosphorus at the surface and 
lower total phosphorus at the 50-cm depth when compared to the mid elevation of NO 
(NOM). Sediment accumulation data from Chapter ID indicate that sediment sampled at 
the 50-cm depth should be the sediment upon which the wetlands originally formed
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(Table 3.6). At the 50-cm depth, COM had phosphorus values comparable to those 
reported in Chapter II for CY while NOM had phosphorus values comparable to those 
reported in Chapter II for NY (Tables 2.1 and 4.1). I believe that the differences in 
phosphorus values at the 50-cm depth are real and indicate that the dredge sediment used 
to form COM was lower in phosphorus than the sediment which formed NOM.
At the 50-cm depth, differences in phosphorus values between the high elevation of 
CO and NO (COH and NOH) were not as great as between COM and NOM (Table 4.2). 
More sand and less clay was present at the 50-cm depth of NOH when compared to NOM 
(Table 4.4). This was expected because the high elevation is at the riverside edge and 
coarser grained material would settle out there during a flood. Because river suspended 
sediment was coarser grained when NO formed than it is today, it is possible that the 
sediment which formed NOH and the bedload sediment which formed COH were similar 
in phosphorus contents.
Deposition of river sediment upon the original sediment could produce the 
comparable phosphorus values recorded at the 20-cm depth of COM and NOM (Table
4.1). Like at COL, the increase in percent sand at COM from the surface to the 20-cm 
depth indicates the mixing of dredge sediment and suspended sediment. However, 
percent clay did not decrease and was similar to percent clay at both the surface and the 
20-cm depth of NOM which would explain the similarities in phosphorus.
At the 20-cm depth, NOH had higher phosphorus values when compared to COH 
due mainly to NOH being significantly higher in calcium-bound P (Ca-P) (Table 4.2). In 
this study, COH had phosphorus values similar to those reported in Chapter II for CY 
(Tables 2.1 and 2.2). In Chapter n, CY was significantly lower than NY in total 
phosphorus because CY was significantly lower in Ca-P (Table 2.1). At the 20-cm depth 
of COH, the low Ca-P and the high percent sand content suggest that the sediment is 
dredge sediment (Tables 4.2 and 4.4). However, the accumulation rate for the high 
elevation as reported in Chapter m  indicates that original dredge sediment should be
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deeper than 20 cm (Table 3.6). One explanation for this discrepancy is that sediment 
similar to dredge sediment was deposited on top of the original dredge sediment. Because 
the riverside berm at CO is higher in elevation than the high elevation plots, it is possible 
that berm sediment was transported down to these plots by wind, rain, and possibly high 
flood events. If the berm became eroded enough for floodwater to reach the high 
elevation plots then river sediment could be deposited at COH. This would explain why 
total phosphorus increases significantly at COH from the 20-cm depth to the surface. 
Chapter HI data show that fine-grained sediment is now being deposited on the surface at 
COH (Table 3.4).
At the surface, COM was higher than NOM in total phosphorus even though their 
sediment had similar clay percentages (Tables 4.1 and 4.4). At the surface, COM had a 
higher studentized residual generated by a regression of total P and percent clay than 
NOM which indicated that COM was phosphorus enriched compared to NOM (Figure
4.2). Organic matter accumulation can cause surface to appear phosphorus enriched 
because Org-P is not associated with clay. Data from Chapter m  show that sediment 
which accumulated at COM had a higher Org-P content than sediment which accumulated 
at NOM (Table 3.2). A large riverside berm present at CO may prevent floodwaters from 
entering at the riverside edge of the wetland. Flooding of the mid elevation most likely 
occurred from the backside of the island away from the major river channels which would 
explain why results from in Chapter in showed that more clay was deposited at COM 
than at NOM (Table 3.5). Less direct river influence and associated sedimentation can 
lead to increased autotrophic influence, therefore, greater organic matter accumulation 
(Rejmanek et al., 1987).
The surface enrichment of phosphorus can also result from the solubilization of 
subsurface phosphorus due to soil reduction and subsequent migration of this phosphorus 
to the oxidized surface where it becomes immobilized (Sundby et al., 1992). Phosphorus 
associated with iron phosphates and occluded by iron oxides will become soluble when
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ferric iron is converted to the more soluble ferrous form under reduced soil conditions 
(Patrick et al., 1985). If the iron and phosphorus migrate to the surface, the phosphorus 
can again be precipitated as iron phosphates or be occluded by iron oxides when the 
ferrous iron is oxidized back to ferric form. Soil reduction occurs in wetlands due to soil 
saturation. The mid elevation of the old, created wetland was lower in elevation than 
NOM and was flooded for a longer duration than NOM (Table 3.1). Also, COM was 
higher than NOM in organic P (Org-P) which indicated that it was higher than NOM in 
organic matter content (Table 4.1). Organic matter can increase phosphorus solubility by 
increasing soil reduction (Shapiro, 1957). If phosphorus migration is occurring as a 
result of soil reduction then iron- and aluminum-bound P (Fe/Al-P) and reductant-soluble 
P (RSP) should decrease with depth.
Two observations indicate that subsurface phosphorus is migrating to the surface at 
COM due to soil reduction. The first is that Fe/Al-P and RSP were higher at COM than at 
NOM (Table 4.1). The second is that RSP at COM decreased significandy with depth 
(Table 4.1). At COM, Fe/Al-P also decreased with depth. If phosphorus migradon is 
occurring COM then burial may not be a permanent phosphorus removal mechanism in all 
wedands in the Atchafalaya Delta.
At the surface, NOH was higher than COH in total phosphorus even though their 
sediments had similar pardcle size and Org-P (Tables 4.2 and 4.4). The high elevation of 
NO also had similar surface sediment particle size when compared to NOL and NOM, but 
again NOH was higher than either in total phosphorus (Table 4.2). Thus, like at COM, 
surface sediment at NOH appears to be phosphorus enriched. Surface phosphorus 
enrichment at NOH is supported by the studentized residuals generated from a regression 
of total P and percent clay. The surface of NOH had a high, positive residual which 
indicated that more phosphorus occurred in the sediment than would be expected given 
the clay content of the sediment (Figure 4.2). Like at COM, the surface phosphorus 
enrichment at NOH probably resulted from organic matter accumulation. At the surface,
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NOH was slightly higher than NOL or NOM in Org-P (Table 4.2), and data from Chapter 
HI showed that more Org-P accumulated at NOH than at NOL or NOM (Table 3.3). 
However, NOH and COH were similar in Org-P which indicates that COH and NOH 
should experience similar phosphorus enrichment of surface sediment. Studentized 
residuals from the regression of total P and percent clay indicated that COH had less 
phosphorus at all depths than would be expected for clay content Because only sediment 
with a low phosphorus content has accumulated at COH since it was created, little 
phosphorus may be available for plant uptake and organic matter production.
Although the regression of total P and percent clay indicated that NOH and COM had 
the largest decrease in residual values with depth, there was a trend for residuals to 
decrease with depth at most all sites. This indicates that all other wetland sites may be 
phosphorus enriched at the surface. Again, this surface phosphorus enrichment probably 
results from organic matter accumuladon at the surface.
As in chapter n, the mid elevation of the young, created wetland (CYM) was lower 
in surface phosphorus than the mid elevation of the young, natural wetland (NYM) due to 
lower percent clay at CYM (Tables 4.1 and 4.4). Lower percent clay at CYM was also 
the reason COM and the mid elevation of the intermediate-aged, created wetland (CIM) 
were higher than CYM in surface phosphorus (Table 4.1). Deposition of suspended 
sediment on COM and CIM since their formation could explain the differences in 
phosphorus between them and CYM at the surface and at the 20-cm depth (Table 4.1). At 
the 20-cm depth, NOM had a higher total P than NYM because NOM was higher in Ca-P 
(Table 4.1). This could be explained by the higher clay content at NOM compared to 
NYM (Table 4.4).
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CONCLUSIONS
Analysis of subsurface sediments in the old wetlands indicated that, at low and mid 
elevations, sediment which formed NO was higher in phosphorus than the sediment 
which formed CO because of the lower clay content of the subsurface sediment at CO. 
NOH and COH had similar phosphorus and sediment particle size characteristics at the 
50-cm depth which was assumed to be the surface sediment when they formed.
Therefore, NOH and COH probably had similar phosphorus characteristics when they 
were formed. It is interesting then that the surface of COM had higher phosphorus 
contents than the surface of NOM while the surface of COH had lower phosphorus 
contents than the surface of NOH. Differences between NOH and COH appear to result 
from improper construction of CO. At COM, the increase in phosphorus and clay content 
from the 50-cm depth to the surface indicates that deposition of sediment can cause the 
created wetlands to develop natural phosphorus characteristics. A large riverside berm 
hinders the deposition of suspended sediment at COH which prevents it from developing 
as NOH has developed even though they were similar when formed.
Most of the wetland sites exhibited a decrease in phosphorus with depth that was 
independent of clay content and more phosphorus at the surface than would be expected 
from their clay content. This surface phosphorus enrichment probably results from 
organic matter accumulation at the surface because organic P is not associated with clay. 
The largest decreases in phosphorus with depth independent of clay content were 
exhibited by NOH and COM. Similar decreases did not occur at COH and NOM. Data 
indicates that subsurface phosphorus may be migrating to the surface at NOH and COM 
due to soil redox processes. If natural and created wetlands have different amounts of 
subsurface phosphorus migrating to the surface then they can not be expected to develop 
similar phosphorus characteristics through time.
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OXALATE-EXTRACTABLE IRON, ALUMINUM, AND PHOSPHORUS 
CHARACTERISTICS OF NATURAL AND CREATED WETLANDS IN 
THE ATCHAFALAYA DELTA, LA.
INTRODUCTION
In Chapter IV, most wetland sites exhibited a decrease in total phosphorus with 
depth that was independent of clay content This is an indication that subsurface 
phosphorus may be migrating to the surface in Atchafalaya Delta wetlands. Sites which 
exhibited the greatest decreases in total phosphorus with depth also exhibited statistically 
significant decreases in iron- and aluminum-bound and reductant-soluble phosphorus 
fractions. Because phosphorus is associated with iron in these two fractions, soil 
reduction may play a role in phosphorus migration. Reduced soil conditions at depth can 
solubilize iron phosphates, iron oxides onto which phosphorus is adsorbed, and iron 
oxides which occlude phosphorus (Shapiro, 1958). Phosphorus solubilized through 
reduction can migrate to the surface and accumulate there if it is immobilized.
Phosphorus is immobilized in the soil through precipitation, adsorption onto iron and 
alum inum  oxides, and occlusion by iron oxides (Stevenson, 1986). Phosphorus 
adsorption has been correlated with the oxalate-extractable iron and aluminum content of 
soils while phosphorus release through soil reduction has been correlated to oxalate- 
extractable iron content only (Richarson, 1985; Khalid et al., 1977; Shapiro, 1958). 
Oxalate extracts poorly crystalline forms of iron also known as amorphous iron. 
Therefore, amorphous iron is the iron form being reduced if  redox processes are involved 
in phosphorus migration in Atchafalaya Delta wetlands.
If  phosphorus migration is occurring due to redox processes, then amorphous iron 
should also show evidence of migration because iron is solubilized along with 
phosphorus under reduced conditions. However, the iron content o f soils is dependent
74
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on the sediment particle size so changes in particle size with depth can mask changes in 
iron content which result from redox processes. Iron can also be chelated by organic 
anions or adsorbed onto organic matter which means that changes in organic matter with 
depth can also mask changes in iron that result from redox processes (Lee et al., 1990). 
To compare the metal contents of sediment with different particle sizes and organic matter 
content, metal contents of sediments have been normalized to the alum inum  content of 
those sediments (Windom et al., 1984; Sundby et al., 1992). As with iron content, 
aluminum content is dependent on sediment particle size and organic matter content, but 
aluminum does not undergo oxidation and reduction in natural systems as does iron. 
Therefore, changes in iron with depth independent of changes in alum inum  probably 
result from iron redox chemistry. In the Atchafalaya Delta wedands, a decrease in 
amorphous iron with depth without a similar decrease in amorphous aluminum would be 
expected if iron reduction and migration is occurring. A regression of oxalate-extractable 
iron and aluminum should indicate which depths have more or less amorphous iron than 
would be expected from the amorphous aluminum content.
In Chapter IE, bedload sediment in the Atchafalaya River had lower Fe/Al-P and 
RSP than suspended sediment. This indicates that bedload sediment may have lower 
oxalate-extractable iron and associated phosphorus than suspended sediment. If bedload 
sediment is lower in oxalate-extractable iron and phosphorus, dredge sediment used to 
create wetlands will have less phosphorus available for migration under reduced 
conditions. Lower phosphorus migration in created wetlands compared to natural 
wetlands will effect the development of natural phosphorus characteristics by the created 
wetlands. Oxalate-extractable iron and phosphorus contents of bedload sediment should 
be compared to those of suspended sediment to determine if wetlands created from dredge 
sediment will contain lower oxalate-extractable iron and phosphorus than wetlands created 
naturally from suspended sediment Because created wetlands can develop natural 
phosphorus characteristics through the deposition of suspended sediment, they should
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
also develop natural oxalate-extractable iron and phosphorus characteristics. Studying 
newly deposited sediment should give insight into the development of natural oxalate- 
extractable iron and phosphorus contents by created wetlands.
The objectives of this study were (1) to determine if dredge sediment used to create 
wetlands in the Atchafalaya Delta is lower in oxalate-extractable iron and phosphorus than 
sediment which formed the natural wetlands, (2) to determine if created wetlands will 
develop natural oxalate-extractable iron and phosphorus characteristics through the 
deposition of suspended sediment and (3) to determine if subsurface iron is migrating to 
the surface in Atchafalaya Delta wetlands.
MATERIALS AND METHODS
Site Description
The Atchafalaya Delta was selected as the location for this study. The Atchafalaya 
River is a natural distributary of the Mississippi River that has captured increasing 
amounts of Mississippi River discharges and sediments over the years (Fisk, 1952). This 
natural process was halted with the construction of a control structure in 1963 that 
maintains the Atchafalaya River flow at 30% of the combined Mississippi and Red River 
flows (Roberts and van Heerden, 1992). As the sediment carried by the Atchafalaya 
River filled the Atchafalaya Basin to near capacity by the 1950’s, additional sediment was 
carried downstream to the mouth of the river initiating subaqueous delta growth (Roberts 
et al., 1980). This new delta became subaerial in 1973 and has continued to expand (Fig.
2.1), providing a set of natural wetland islands ranging in age from 0 to 20 years in 1993.
In addition to these naturally formed wetlands, wetlands have been created through 
U. S. Army Corps of Engineers dredging operations. The west channel of the 
Atchafalaya River is used for navigation by commercial vessels and must be dredged 
periodically to maintain the required depth. The dredged sediment has been used to create
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wetlands since 1973. Therefore, within the same hydrologic regime, we have both 
naturally and artificially created wetlands of similar ages.
In 1993, aerial photography, satellite imagery, and records from the U. S. Army 
Corps of Engineers dredging program were used to locate and age both natural and 
created wetlands. From this data, three age classes of wetlands were chosen: young (<1 
to 3 years), intermediate (5 to 10 years), and old (15 to 20 years). Due to the nature of 
dredge placement in the delta only one natural and one created wetland site could be 
selected in each of the three age classes. In chapter n, the old age class contained two 
natural wetland sites, but the one in the western part of the delta was impacted by dredge 
sediment in 1994 so sampling at this site was discontinued.
The wetland formation processes result in an elevation gradient across the islands 
with a distinct plant community associated with specific elevations. Black willow (Salix 
nigra Marshall) is found on the higher elevation natural levees with a mixed freshwater 
marsh community (Colocasia antigorum, Polygonum punctatum Elliot, Scirpus pungens 
Vahl, and Panicum virgatum  L.) at the next lower elevation. The lowest elevation areas 
were unvegetated mudflats. Each island was stratified according to these elevation 
gradients and three sampling plots were established in each strata. Relative elevations 
were determined with a laser level and elevation differences among plots within a strata 
were less than 10 cm. The old, created and natural sites (CO and NO) and the young, 
created site (CY) had low, mid and high elevations. The intermediate-aged, created and 
natural sites (CI and NI) and the young, natural site (NY) had only the mid elevation 
present due to the fact that they were formed as spits off of existing islands and were not 
islands themselves. In 1996, permanent and temporary benchmarks were used to 
determine elevations relative to the 1969 NGVD (Table 3.1). Flooding duration and 
frequency were determined using U. S. Army Corps of Engineers tide gauge data from 
the 1994 water year.
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Sample Collection and Analysis
Wetland Sediment. In September of 1995, sediment was collected from the surface, 
from a depth of 20 cm, and from a depth of 50 cm at each sampling plot. The surface 
sample was collected using a 10 cm x 2 cm soil corer. The depth samples were collected 
using a soil auger. Samples were placed in polyethylene plastic bags and transported on 
ice back to the Wetland Biogeochemistry Institute. In June of 1996, Atchafalaya River 
bedload sediment was collected from the center of the Navigation Channel at locations 
adjacent to the dredge island sites. Two samples were collected from each location using 
a pipe dredge, transferred to polyethylene plastic bags and stored on ice. In June of 
1995, soda feldspar was laid out in three 0.5 m x 0.5 m plots along each elevation at each 
wetland site (Cahoon and Turner, 1989). One year later a 10 cm X 10 cm section was cut 
from each plot using a spade. A sample of accumulated sediment was collected, 
transferred to a polyethylene plastic bag and stored on ice. A sample of accumulated 
sediment could not be collected from all plots due to either no sediment accumulation or 
an inability to locate the marker horizon. Only one sample of accumulated sediment was 
collected from the low elevation at the CO site so no sampling error could be calculated.
At the lab, samples were air dried and ground to pass a 2 mm mesh sieve, and three 
subsamples were taken from each. One 0.4 gram subsample was subjected to extraction 
with 40 ml of 0.2 M acidified ammonium oxalate by shaking for four hours in the dark 
(McKeague and Day, 1966). After each extract was centrifuged and filtered, an ICP was 
used to determine the aluminum, iron, and phosphorus concentrations in the oxalate 
extracts. The final subsample was dried at 105°C to constant weight to determine 
moisture content Alum inum , iron, and phosphorus contents are given on a dry weight 
basis. Particle size of sediment was determined by the hydrometer method (Patrick, 
1958).
River Sediment. In June of 1996, Atchafalaya River suspended sediment was 
collected by vacuum pumping river water from a depth of 0.5 m into one-liter plastic
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bottles. W ater was collected from four locations on the Atchafalaya River where it forks 
into the East and Navigation Channels, and bottles were stored on ice. In the lab, the 
sediment samples were obtained by filtering each bottle of river water through a separate
0.45 pm filter, one subsample was subjected to extraction by oxalate as outlined above.
The final two sediment samples were dried at 105°C to constant weight to determine 
moisture content
Statistical Analysis. For the old wetland comparison, the effect o f changes in depth 
on iron, aluminum, and phosphorus characteristics within elevation and wetland type was 
examined using a split-split-plot analysis of variance (ANOVA) with wetland type as the 
whole-plot factor, elevation as the split-plot factor, and depth as the split-split-plot factor 
(GLM procedure; SAS Institute Inc., 1985). Using the univariate procedure (SAS 
Institute Inc., 1985), the oxalate-extractable phosphorus data were not normally 
distributed. To satisfy the assumptions of normality, the natural log of the oxalate- 
extractable phosphorus data was used in the statistical analysis. Individual means were 
compared using Least Square Means with Tukey’s adjustment for multiple comparisons.
For the mid elevation comparison, the effect of changes in depth on iron, aluminum, 
and phosphorus characteristics within a wetland type and age class was examined using a 
split-plot ANOVA with wetland type and age class as whole-plot factors and depth as the 
split-plot factor (GLM procedure; SAS Institute Inc., 1985). A plot of residuals vs. 
predicted values indicated that the variances within each of the oxalate-extractable iron, 
aluminum, and phosphorus data sets were nonhomogeneous. To satisfy the assumption 
o f homogeneity of variances, the natural log of each data set was used in each statistical 
analysis. Individual means were compared using Least Square Means with Tukey’s 
adjustment for multiple comparisons.
The effect of changes in depth on iron, aluminum, and phosphorus characteristics by 
elevation within CY was examined using a split-plot ANOVA with elevation within CY
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was the whole-plot factor and depth as the split-plot factor (GLM procedure; SAS 
Institute Inc., 1985). A plot of residuals vs. predicted values indicated that the variances 
within each of the oxalate-extractable iron, aluminum, and phosphorus data sets were 
nonhomogeneous. To satisfy the assumption of homogeneity of variances, the natural 
log of each data set was used in each statistical analysis. Individual means were 
compared using Least Square Means with Tukey’s adjustment for multiple comparisons.
Mean oxalate-extractable iron, aluminum, and phosphorus contents o f sediment 
deposited at the mid elevation of each site were compared to one another and to mean 
oxalate-extractable iron, aluminum, and phosphorus contents of river sediment using one­
way ANOVA (GLM procedure; SAS Institute Inc., 1985). Mean oxalate-extractable iron, 
aluminum, and phosphorus contents of sediment deposited at each elevation of NO, CO 
and CY were compared to one another and to mean oxalate-extractable iron, aluminum, 
and phosphorus contents of river sediment using one-way ANOVA.
To compare the metal contents of sediment with different particle sizes and organic 
matter content, metal contents of sediments have been normalized to the aluminum content 
of those sediments (Windom et al., 1984; Sundby et al., 1992). As with iron content, the 
aluminum content of soils is dependent on sediment particle size and organic matter 
content, but aluminum does not undergo oxidation and reduction in natural systems as 
does iron. To determine if iron migration was occurring at the wetland sites due to redox 
processes, changes in oxalate-extractable iron (Ox-Fe) independent of changes in oxalate- 
extractable aluminum (Ox-Al) were examined through simple linear regression (REG 
procedure; SAS Institute Inc., 1985). Studentized residuals were used to determine if 
more or less Ox-Fe was present in the sample than would be expected from the amount of 
Ox-Al present A positive residual indicated an enrichment of Ox-Fe while a negative 
residual indicated a depletion of Ox-Fe.
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RESULTS
Oxalate-extractable iron (Ox-Fe) ranged from 953 to 5576 [ig g' 1 soil in profile
samples (Tables 5.1 - 5.3). The surface at the mid elevation of the intermediate-aged, 
created wetland (CIM) exhibited the highest Ox-Fe while the surface at the high elevation 
of the old, created wetland (COH) had only a slightly lower value (Tables 5.1 and 5.2). 
All sites except the mid elevation of the old, natural wetland (NOM) exhibited a trend of 
decreasing Ox-Fe from the surface to the 20-cm depth (Table 5.2). The largest decreases 
in Ox-Fe with depth were exhibited by CIM and COH. At the surface, CIM and the mid 
elevation of the old, created wetland (COM) had statistically greater Ox-Fe than the mid 
elevation of the young, created wetland (CYM) (Table 5.2). At the 20-cm depth, COM 
had statistically higher Ox-Fe than CYM. The mid elevation of the intermediate-aged, 
created wetland had statistically higher Ox-Fe in newly deposited sediment than CYM. At 
all sites except NOH, COH, and the low elevation of the young, created wetland (CYL), 
newly deposited sediment and surface sediment were similar in Ox-Fe (Tables 5.1 - 5.5). 
At NOH and COH, newly deposited sediment had lower Ox-Fe than surface sediment 
while the opposite was true at CYL (Tables 5.1,5.3, and 5.5).
Oxalate-extractable aluminum (Ox-Al) ranged from 104 to 789 (ig g l soil in profile
samples (Tables 5.1 - 5.3). The surface of NOH had the highest Ox-Al (Table 5.1). All 
sites that showed a decrease with depth in Ox-Fe except COM and at CYL exhibited a 
trend of decreasing Ox-Al with depth. At the surface, CIM had statistically higher Ox-Al 
than CYM (Table 5.2) At the 20-cm depth, COM had statistically greater Ox-Al than 
CYM (Table 5.2). At CYM and CYL, newly deposited sediment had higher Ox-Al than 
surface sediment while at COH and NOH newly deposited sediment had lower Ox-Al 
than surface sediment (Tables 5.1,5.3, and 5.5). At all other sites, newly deposited 
sediment and surface sediment tended to have similar Ox-Al values (Tables 5.1-5.5).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
Table 5.1. Comparison by elevation and depth of mean (±1 SE) oxalate-extractable
iron, aluminum, and phosphorus in old, created and natural wetlands in the 
Atchafalaya Delta, LA. Different letters within each element indicate that the 
values beside them are significantly different at an alpha = 0.05.
Wetland Ox-Fe Ox-Al Ox-P
Site* Depth ---- Jig g*‘ soil —
Surface 4,635 (522) 494 (56) 239 (20) ab
NOL 20 cm 2,811 (245) 355 (32) 153 (25) b
50 cm 2,868 (295) 387 (53) 144 (15) b
Surface 3,799 (478) 387 (55) 201 (2 8 )*
NOM 20 cm 4,668 (1,672) 521(132) 225 (65) *
50 cm 3,585 (303) 542 (60) 216 (2 3 )86
Surface 5,321 (55) 789(110) 969(532)a
NOH 20 cm 3,482 (427) 460 (48) 238 (3 3 )ab
50 cm 2,358 (401) 305 (52) 127 (31) b
Surface 4,054 (234) 486 (18) 185 (12) “h
COL 20 cm 3,165 (507) 406(76) 125 (17) b
50 cm 3,302 (648) 423 (94) 202 (52) 35
Surface 5,062 (462) 488 (65) 262 (39) "h
COM 20 cm 4,165 (1,326) 654 (216) 204 (59) *
50 cm 2,245 (287) 291 (46) 100 (7) b
Surface 5,546 (558) 728 (96) 297 (28) "h
COH 20 cm 1,957 (1029) 296 (172) 88 (45) b
50 cm 2,181 (448) 291 (56) 107 (23) b
1 N=natural, C=created; 0=15-20 years old; L=low, M=mid, and H=high elevation
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Table 5.2. Comparison by wetland age and depth of mean (±1 SE) oxalate-extractable 
iron, aluminum, and phosphorus in created and natural wetlands in the 
Atchafalaya Delta, LA. Different letters within each element indicate that the 
values beside them are significantly different at an alpha = 0.05.
Wetland 
Site 1 Depth
Ox-Fe I Ox-Al | Ox-P
Surface 2,974 (244)“b“fc 407 (35) * 161 (11) •h*"
NYM 20 cm 1,656 (272) 219 (3 5 )bcde 92 (19)
50 cm 2,551 (610) “bcde 353 (89) “bcd 185 (45) abcde
Surface 3,320 (115) 475 (23) 177 (7) “bcde
NIM 20 cm 1,451 (38) ^ 197 (9 )ede 8 4 (4 ) "
50 cm 2,357 (116)*bcde 305 (13 )“bcde 152 (10) *bedef
Surface 3,799 (478) abc 387 (55) 201 (28) *bcd
NOM 20 cm 4,668 (1,672) * 521 (132) 225 (65) “bc
50 cm 3,585 (303)abcd 542 (60) * 216 (23) **
Surface 1,561 (70) 191 ( 5 ) ^ 92 (2) e*f
CYM 20 cm 1,236 (62)e 136 (12) * 78 (7)
50 cm 1,238 (202)e 127(15)“ 73 (14)f
Surface 5,576 (809) “ 614 (123) * 313(39)“
CIM 20 cm 2,535 (475) abcde 272 (41) “bcde 146 (27) “bcdef
50 cm 1,677 (198) bcde 205 (36)ede 122 ( 10) bcdef
Surface 5,062 (462) * 488 (65) 262 (39) *
COM 20 cm 4,165 (1,326) abc 654 (216)a 204 (59) “bcde
50 cm 2,245 (287) "bc<le 291 (46 )abcde 100(7)“"
1 N=natural, C=created; Y = < l-3 ,1=5-10, and 0=15-20 years old; M=mid elevation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
84
Table 5.3. Comparison by elevation and depth of mean (±1 SE) oxalate-extractable 
iron, alum inum , and phosphorus in the young, created wetland in the 
Atchafalaya Delta, LA. Different letters within each element indicate that the 
values beside them are significantly different at an alpha = 0.05.
Wetland Ox-Fe Ox-Al Ox-P
Site* Depth -----\Lggl soil —
Surface 1,359 (131)b 153 (23)66 80 ( 10) ■*
CYL 20 cm 1,203 (163) b 143 (15) * 77 (15)*
50 cm 3,124 (617)a 391 (53)a 215 (41)a
Surface 1,561 (70)b 191 (5 )b 92 (2 )b
CYM 20  cm 1,236 (62)b 136 (12) ** 78 (7) *
50 cm 1,238 (202)b 127 (15) * 73 (14)*
Surface 1,206 (80)b 144 (6) ■* 73 (2) *
CYH 20 cm 953 (47)b 111 (8) c 58 (1 )*
50 cm 993 (20)b 104 ( l ) c 54 (3 )c
1 C=created; Y=<l-3 years old; L=low, M=mid, and H=high elevation.
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Table 5.4. Comparison of mean (±1 SE) oxalate-extractable iron, aluminum, and
phosphorus in Atchafalaya River sediment and in sediment deposited at the 
mid elevation of created and natural wetlands in the Atchafalaya Delta, LA. 
Different letters within each element indicate that the values beside them are 





NYM 2,873 (399) * 382 (55) 186 (33) "h
CYM 1,980 (362) b 290 (53) 140 (30) b
NIM 3,440 (47) “h 478 (1) 211 ( l ) ab
CIM 5,303 (588)a 544(1) 293 (7) “h
NOM 3,863 (607) 86 437 (27) 291 (35) *
COM 4,610 (441)ab 515(15) 393 (37)a
AR Suspended2 5,368 1,151 459
AR Bedload 2,343 (554)b 286 (103) 140 (43)b
1 N=natural, C=created; Y =<l-3,1=5-10, and 0=15-20 years old; M=mid elevation; 
AR=Atchafalaya River.
2 Only one suspended sediment sample was obtained from the Atchafalaya River so no 
standard error could be calculated.
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Table 5.5. Comparison of mean (+1 SE) oxalate-extractable iron, aluminum, and
phosphorus in Atchafalaya River sediment and in sediment deposited on 
created and natural wetlands in the Atchafalaya Delta, LA. Different letters 
within each element indicate a significant difference at an alpha = 0.05.
Sediment Ox-Fe Ox-Al Ox-P
Source 1----------------------------------   g-> soj ] ....... .—
NOL 4,310 (851) 506 (80) 293 (67)
NOM 3,863 (607) 437 (27) 291(35)
NOH 3,437 (809) 491 (98) 389(16)
CO L2 3,250 420 210
COM 4,610 (441) 515(15) 393 (37)
COH 4,528 (385) 567 (19) 343 (9) 1
CYL 3,674 (842) 433 (58) 259 (48)
AR Suspended2 5,368 1,151 459
AR Bedload 2,343 (554) 286 (103) 140 (43)
1 N=natural and C=created; 0=15-20 and Y=<l-3 years old; L=low, M=mid, and H= 
high elevation; AR=Atchafalaya River.
2 Only one sediment sample was obtained from the low elevation of CO and from the 
suspended sediment of the Atchafalaya River so no standard error could be calculated.
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For all samples, oxalate-extractable phosphorus (Ox-P) ranged from 54 to 969 fig g*1
soil (Tables 5.1 - 5.5). The surface o f NOH had the highest Ox-P (Table 5.1). The high 
elevation of the old, natural wetland had statistically higher Ox-P at the surface than at the 
50-cm depth. For the profile samples, Ox-Fe explained 47% of the variance in Ox-P 
when the surface of NOH was included (Figure 5.1). Excluding the surface o f NOH, 
Ox-Fe explained 91% of the variance in Ox-P. At the surface, CIM and COM had 
statistically higher Ox-P than CYM. At the 50-cm depth, mid elevation o f the young, 
natural wetland (NYM) had a statistically higher Ox-P than CYM. This was the only 
statistically significant difference in Ox-Fe, Ox-Al, or Ox-P between the created wetlands 
and their natural counterparts.
Atchafalaya River suspended sediment had a high Ox-Fe and the highest Ox-Al 
values (Tables 5.4 and 5.5). Bedload sediment had lower Ox-Fe, Ox-Al, and Ox-P than 
suspended sediment (Tables 5.4 and 5.5). Bedload sediment also had lower Ox-Fe, Ox- 
Al, and Ox-P than sediment deposited at all sites except CYM where values were similar 
(Table 5.4). The young, created site (CY) had some of the lowest Ox-Fe, Ox-Al and Ox- 
P values (Tables 5.3 and 5.4). Within CY, Ox-Fe, Ox-Al, and Ox-P were statistically 
higher at the 50-cm depth of CYL than at any other elevation or depth.
In a regression of Ox-Fe and Ox-Al where Ox-Fe was the dependent variable, the 
surface of COM had the highest positive residual (Figure 5.2). For each site, the residual 
value at a given depth is the difference between the measured Ox-Fe content at that depth 
and the Ox-Fe content predicted by the Ox-Al content at that depth. A positive residual 
indicates that the measured Ox-Fe content is higher than the predicted Ox-Fe content while 
a negative residual indicates that the measured Ox-Fe content is lower than the predicted 
Ox-Fe content. The largest decrease in residual value from the surface to the 20-cm depth 
was exhibited by COM. The surface of CIM, NOL, and NOM also had high positive 
residuals which decreased from the surface to the 50-cm depth. Of these three sites, the 
residuals for NOM showed the largest decrease with depth.
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Figure 5.1. Regression of oxalate-extractable phosphorus as a function of oxalate- 
extractable iron for sediment profile samples collected from created and 
natural wetlands in the Atchafalaya Delta, Louisiana.
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Figure 5.2. Comparison by site and depth of the studentized residuals generated from a 
regression o f oxalate-extractable aluminum and iron where aluminum is the 
independent variable (R2=0.89). C=created wetland and N=natural wetland; 
























In Chapter HI, it was reported that bedload sediment had lower total phosphorus than 
suspended sediment which indicated that it also contained lower Ox-Fe and Ox-P than 
suspended sediment. Results from this study indicated that bedload sediment also 
contained lower Ox-Fe and Ox-P than suspended sediment (Table 5.4). This is important 
because wetlands created from bedload sediment will have less phosphorus with the 
potential to migrate under reduced conditions than natural wetlands formed from 
suspended sediment. Therefore, if redox processes are involved in phosphorus 
migration, it is important to know how a lower phosphorus migration potential may affect 
the development of natural phosphorus characteristics by created wetlands.
Differences in phosphorus between bedload and suspended sediment was attributed 
to the higher sand content of the bedload sediment. This appears to be true for Ox-Fe and 
Ox-P contents as well. Most statistically significant differences in Ox-Fe and Ox-P 
between sites can be explained by particle size differences. The low Ox-Fe and Ox-P 
contents of bedload sediment would explain why CY had the lowest Ox-Fe and Ox-P 
values of all the sites because bedload sediment was used to create the island. Actually, 
profile sediment from CY had lower Ox-Fe and Ox-P than bedload sedim ent Two 
samples of bedload sediment were higher in clay than the rest of the bedload samples. If 
these two samples were removed from the analysis then bedload sediment would be 
similar to sediment from CY in Ox-Fe and Ox-P content. The low Ox-Fe and Ox-P 
content of the bedload sediment would also explain why sediment from the 50-cm depth 
of COM and CIM and from the 20 cm and 50-cm depths of COH also had low Ox-Fe and 
Ox-P values. In Chapter IV, it was concluded that these sediments were the dredge 
sediment used to create CO and CI. Ox-Fe and Ox-P data presented here support that 
conclusion.
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The deposition of suspended sediment on top of dredge sediment would explain why 
newly deposited sediment at CYL and sediment from the 20-cm depth of COM and CIM 
were higher in Ox-Fe than the sediment below. This indicates that created wetlands will 
develop natural Ox-Fe and Ox-P characteristics through the deposition of suspended 
sediment In Chapter HI, it was concluded that sediment which accumulated at CYM was 
mainly sediment washed down from the high elevation. This would explain why CYM 
had lower Ox-Fe and Ox-P in newly deposited sediment than other sites.
Results from Chapter IV indicated that subsurface phosphorus may be migrating to 
the surface at a few of the wetland sites due to redox processes. Results from this study 
indicated that iron migration may be occurring at COM, NOM, CI and NOL due to soil 
reduction. The mid elevation of the old, created wetland had higher Ox-Fe at the surface 
and lower Ox-Fe at the 20-cm depth than was expected from the Ox-Al contents at these 
depths (Figure 5.2). Results from Chapter IV indicated that COM had more phosphorus 
at the surface and less at the 50-cm depth than would be expected from the clay content 
(Figure 4.2). Aluminum does not undergo oxidation and reduction in natural systems as 
does iron so changes in Ox-Fe with depth independent of changes in Ox-Al probably 
result from iron redox chemistry. Therefore, subsurface iron and its associated 
phosphorus appears to be migrating to the surface at COM as a result o f redox processes.
The mid elevation of the old, natural wetland had higher Ox-Fe at the surface and 
lower Ox-Fe iron at the 50-cm depth than was expected from the aluminum content at 
these depths (Figure 5.1). Results similar to NOM were exhibited by NOL at the surface 
and at the 50-cm depth. Therefore, iron also appears to migrate at NOM and NOL as a 
result of redox processes. However, results from Chapter IV did indicate that subsurface 
phosphorus was migrating  to the surface at NOM but not at NOL.
The mid elevation o f the old, created wetland experienced a larger decrease in Ox-Fe 
over a shorter distance than did NOM. The mid elevation of the old, created wetland also 
had a greater decrease in phosphorus independent of clay content. Stronger reducing
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conditions at COM compared to NOM can result in greater Ox-Fe and phosphorus 
migration at COM. The mid elevation of the old, created wetland is flooded more 
frequently and for a longer duration than NOM (Table 3.1). These two factors can result 
in greater soil reduction at COM compared to NOM. Greater soil reduction at COM 
means that COM can not be expected to develop in a manner similar to NOM.
The mid elevation of the intermediate-aged, created wetland had a higher Ox-Fe at the 
surface than was expected from the Ox-Al contents (Figure 5.2). This indicates that iron 
migration may be involved in the phosphorus migration at CIM. However, while there is 
a decrease in Ox-Fe with depth independent of Ox-Al, Ox-Fe is not lower than expected 
from Ox-Al at neither the 20-cm nor 50-cm depth (Figure 5.2). It is possible that iron is 
migrating up from further down in the sediment profile than the 50-cm depth. The mid 
elevation of the intermediate-aged, natural wetland did not experience any Ox-Fe 
migration. Even though CIM was higher in elevation than NIM (Table 3.1), it was 
actually flooded most of the time due to a berm at the riverside edge of CIM which 
prevent the recession of floodwater. Therefore, the soil at CIM was probably more 
reduced than at NIM which would explain the results presented here.
In Chapter IV, NOH also had more phosphorus at the surface and less at the 50-cm 
depth than would be expected from the clay content (Figure 4.2). However, the data 
presented here does not conclusively support the hypothesis that iron redox chemistry is 
involved in the phosphoms migration at NOH. Oxalate extracted high amounts of iron 
from the surface of NOH but regression showed that the extracted iron was not enough to 
account for the extracted phosphorus (Figure 5.1). The surface of NOH had the highest 
Ox-P of any of the sites. Oxalate can extract phosphorus associated with organic matter, 
and, as reported in Chapter IV, NOH had a high organic phosphorus fraction at the 
surface (Table 4.1). Therefore, iron does not appear to be involved in the accumulation 
of phosphoms at the surface of NOH as would be expected if iron and its associated 
phosphorus were migrating from the subsurface to the surface. However, iron and
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phosphorus migration may still be occurring at NOH. Oxalate-extractable iron may not 
have correlated well with Ox-P because NOH may have experienced a loss of Ox-Fe at 
the surface. The surface of NOH had a lower Ox-Fe than was expected from its Ox-Al 
content (Figure 5.2). Therefore, this iron depletion probably result from redox 
processes. If the surface at NOH is reduced then iron migrating to the surface from the 
subsurface would remain soluble and could be exported from the site. This iron loss 
would not necessitate a loss in associated phosphorus if that phosphorus is taken up by 
plants and incorporated into organic matter or is adsorbed onto aluminum present at the 
surface.
At all depths COH contained lower total P than expected from clay content (Figure 
4.2). It was hypothesized that total P was being leached from COH due to redox 
processes. This hypothesis is supported by the Ox-Fe and Ox-Al data. COH also had 
lower Ox-Fe at all depths than expected from the Ox-Al contents o f those depths which 
indicates that Ox-Fe is lost from COH due to redox processes. It is possible that Ox-Fe 
and phosphorus are being solubilized at COH due to reduced soil conditions and then are 
leached from the site.
The phosphorus fractionation procedure used in Chapters n , HI, and IV is supposed 
to separate iron and aluminum, calcium, and organic forms of phosphorus; however, the 
effectiveness o f this procedure at differentiating between different forms of phosphorus 
has been questioned (Pettersson et al., 1988). The citrate-dithionite-bicarbonate reagent 
used to distinguish reducible forms of phosphoms from other phosphorus forms may 
also extract phosphorus associated with calcium. Data from this study indicated that the 
phosphorus fractionation procedure was effective at differentiating between the different 
forms of inorganic phosphorus. In profile samples, Ox-P tended higher than the sum of 
Fe/Al-P and RSP from Chapter IV (Tables 4 .1 ,4 .2 ,4 .3 ,5 .1 , 5.2 and 5.3). Oxalate has 
been shown to extract metals associated with organo-metalic complexes (Schnitzer and 
Skinner, 1964). If oxalate also extracts some organic P then that would explain why
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Ox-P was higher than the sum of Fe/Al-P and RSP. In some samples Ox-P was similar to 
the sum o f Fe/Al-P and RSP. Most of these samples came from CY which had the lowest 
organic P values. Oxalate-extractable P of newly deposited sediment showed no distinct 
trend when compared to sum o f Fe/Al-P and RSP from Chapter HI (Tables 3 .2 ,3 .3 ,5 .4 , 
and 5.5). At most sites the values were similar. Again the extraction of organic P by 
oxalate could explain why Ox-P was higher than the sum of Fe/Al-P and RSP in newly 
deposited sediment. For the river’s bedload sediment, Ox-P was slighdy higher than sum 
Fe/Al-P and RSP from Chapter HI. Two bedload samples had high clay contents and 
probably high organic carbon contents. If these are removed then the values were similar. 
Because, for most sites, the sum of Fe/Al-P and RSP was similar to Ox-P, the 
phosphorus fractionation procedure appeared to effectively separate the iron- and 
alum inum -bound and calcium-bound phosphorus fractions.
CONCLUSIONS
In the Atchafalaya River, bedload sediment contained lower oxalate-extractable iron 
and phosphorus (Ox-Fe and Ox-P) than suspended sediment The low Ox-Fe and Ox-P 
of bedload sediment compared to suspended sediment indicates that wetlands created from 
dredge sediment will have lower Ox-Fe and Ox-P than natural wetlands formed from 
suspended sediment. This is supported by the lower Ox-Fe and Ox-P values of the 
dredge sediment which formed the created wetland in this study. Results indicate that 
with the deposition of suspended sediment onto them, created wetlands will develop 
natural, oxalate-extractable iron and phosphorus characteristics through time.
Subsurface Ox-Fe appears to be migrating to the surface at COM, NOM, CI and 
NOL due to redox processes. This supports the hypothesis phosphorus migration is 
occurring at COM, NOM and CI due to redox processes.
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As evidenced by the differences between COM and NOM and between CIM and 
NIM, inefficient wetland creation techniques can result in differing redox conditions 
between natural and created sites. This along with the fact that created wetlands in the 
Atchafalaya Delta develop natural chemical characteristics through suspended sediment 
deposition stresses the importance of creating wetlands so that they experience the same 
hydrologic conditions as natural wetlands. In the Atchafalaya Delta created wetland 
design should mimic the elevations, shape and configuration of the natural wetlands.
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CHAPTER VI
SYNTHESIS
Overall results of this research indicate that at the time wetlands are created in the 
Atchafalaya Delta they have lower soil phosphorus contents than natural wetlands of the 
same age due to the creation technique used. The surface sediment of the young, created 
wetland (CY) had lower phosphorus contents when compared to the surface sediment o f 
the young, natural wetland (NY). This occurred even though CY and NY had similar 
organic carbon contents. Previous studies which have compared created wetlands to 
mature natural wetlands have attributed the lower nutrient pools of the created wetlands to 
the lower organic carbon content of their younger soils (Craft et al., 1989; Craft et al., 
1991). The differences in phosphoms characteristics between NY and CY resulted from 
the higher sand and lower clay content of the CY sediment. It is important to note that the 
organic carbon content of CY was lower than those reported in the literature for other 
tidal, freshwater wetlands (Odum et al., 1984). If only CY had been studied and the 
results compared to the literature data then it could be concluded that CY had a lower soil 
phosphorus content than natural wetlands and that this was due to its younger age. 
However, these conclusions overlook the difference in particle size which was 
responsible for CY having a lower phosphorus content when compared to a natural 
wetland of the same age. This is a good example of how differences in age between 
created and natural wetlands can mask differences in structure which result from 
ineffective creation techniques.
It was hypothesized that bedload material which was used to form CY was lower in 
phosphorus than suspended sediment which formed NY. Bedload sediment had 
significantly lower iron- and aluminum-bound (Fe/Al-P), reductant-soluble (RSP), 
organic (Org-P) and total phosphoms contents than suspended sediment The low
96
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phosphorus content o f the bedload sediment was also attributed to a high sand and low 
clay content Because sediment used to create wetlands in the Atchafalaya Delta is 
bedload sediment dredged from the Navigation Channel, newly created wetlands in the 
Atchafalaya Delta will have higher sand and lower clay contents and, therefore, lower 
phosphorus contents than natural wetlands o f the same age.
While, in the Atchafalaya Delta, newly created wetlands may be lower in phosphorus 
than natural wetlands o f the same age, the created wetlands can develop natural 
phosphorus characteristics through the deposition of river suspended sediment. Sediment 
which formed the old, created wetland (CO) had lower phosphorus contents than that 
which formed the old, natural wetland (NO). Yet, surface sediment of CO and NO had 
similar phosphorus contents at the low and mid elevations, but not at the high elevations. 
It was hypothesized that deposition of suspended sediment at the low and mid elevations 
but not at the high elevation was responsible for the development of natural phosphoms 
characteristics by CO. Sediment deposited on CO and NO had similar phosphoms 
contents. Therefore, sedimentation could account for the development o f natural 
phosphorus characteristics by the surface sediment of CO if greater than 10 cm of 
sediment was deposited since the creation of CO. Over the fifteen year period since CO 
was created, greater than 10 cm of sediment could have accumulated at each elevation of 
CO. Also, sediment which resembled bedload sediment was found to occur below 10 cm 
at the low and mid elevations of CO. Most of the sediment which accumulated at the high 
elevation of CO (COH) since its creation was not river sediment but dredge sediment 
washed down from the riverside levee located nearby. The levee was high enough to 
prevent flooding from the riverside edge of the island and, thereby, to prevent the direct 
deposition of suspended sediment by the river. Therefore, after more than fifteen years 
COH has not received the suspended sediment necessary for it to develop natural 
phosphoms characteristics.
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Because created wetlands in the Atchafalaya Delta can develop natural phosphorus 
characteristics through river sediment deposition, it is important that wetlands created in 
the Atchafalaya Delta be graded to natural wetland elevations and be designed to mimic the 
configuration of a natural wetland. Most of the observed differences between the created 
and natural wetlands in the Atchafalaya Delta can be attributed to the poor design of the 
created wetlands. The intermediately aged, created wetland (CI) had a lower bulk density 
than the intermediately aged natural wetland (NT). As a result, CI had a lower 
phosphorus content on an areal basis than NI. After the creation of CI, dredge sediment 
was placed in the form of a berm at its riverside edge. This berm prevented the recession 
of water which flooded the site during high water stages. This resulted in the almost 
permanent flooding of CI during the first three years of this study. It was concluded that 
the flooding was responsible for CI having a higher organic matter content and lower bulk 
density than NI.
As stated above, a large levee was also located at the riverside edge o f CO. This 
levee prevented the direct flooding of COH by river water, and, thereby, prevented the 
deposition of river sediment at COH. The high elevation of CO had a low sediment 
accumulation rate compared to other riverside sites, and most of this accumulation was 
hypothesized to be derived from on-site organic matter production. This led to the 
conclusion that, due to a reduced river influence at COH compared to the high elevation of 
the old, natural wetland (NOH), ecological development at COH is more autogenically 
controlled. Therefore, COH and NOH can not be expected to develop in a similar manner 
through time. This is evidenced by the lack o f similarity between COH and NOH 
reported in all the research chapters.
Iron migration occurred at the mid elevation of CO and CI (COM and CIM) and at 
the low and mid elevations of NO (NOL and NOM) due to redox processes. It was 
hypothesized that COM experienced greater iron and phosphorus migration than NOM 
due to greater soil reduction at COM. The mid elevation of CO was lower in elevation
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and higher in organic matter content than NOM both of which can result in greater soil 
reduction at COM. Reduced river influence at COM compared to NOM could explain the 
lower elevation and higher organic matter of COM. The riverside levee at CO and the 
large size of CO could prevent sediment rich water from reaching COM, thereby, making 
ecological development at COM more autogenic than at NOM. Therefore, COM and 
NOM can not be expected to develop in a similar manner through time.
Besides elevation, results from this research also indicate that the shape and the 
orientation of the dredge island is important for the development of natural characteristics 
by the created wetland. In the natural wedands, the highest elevation is the levee which 
occurs along the riverside edges of the wetland. When CY was created it was graded to 
wetland elevations; however, the island was created in a linear form with the high 
elevation occurring along the long axis (See Fig. 2.1). Previous dredge placement 
prevents the high elevation from occurring as a riverside levee. The high elevation of CY 
(CYH) had a negligible amount of sediment accumulation. The lack of sediment 
accumulation at CYH indicates that the configuration of CY prevented the flooding of the 
high elevation by sediment rich waters as would be expected if the high elevation was the 
riverside levee as it is for the natural wetlands. Also, due to the placement o f dredge 
material, the mid elevation of CY (CYM) was most likely flooded from the backside of 
the island and, therefore, received little suspended sediment from the river. Most of the 
sediment which accumulated at CYM was dredge sediment which washed down from 
CYH. Therefore, even though CY was graded to wetland elevations, CYH and CYM 
may never develop natural wetland characteristics.
So, in the Atchafalaya Delta, wetlands created from bedload sediment will have 
higher sand and lower soil phosphorus contents upon formation than natural wetlands of 
the same age. These created wetlands can develop natural wetland characteristics through 
suspended sediment deposition if they are graded to natural wetland elevations and 
designed to mimic the shape and orientation of natural wetlands. The sedimentation rate
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will determine the amount of time it takes for a created wetland to develop natural wetland 
characteristics.
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APPENDIX A 
Table A
Table A. Mean (±1 SE) physical and chemical characteristics at the surface of created 
and natural wetland sites in the Atchafalaya Delta, LA.
Wetland Site 1 Total Nitrogen Total Carbon Bulk Densitv m
------------  Percent------------ gcm"3 s.u.
NOL 0.04 (0.01) 0.88 (0.08) 1.01 (0 .02) 7.22 (0.20)
NOM 0.02 (0 .00) 0.59 (0.01) 1.10 (0.05) 7.13 (0.05)
NOH 0.20 (0.04) 2.63 (0.31) 0.63 (0.10) 6.60 (0.29)
NOL 0.09 (0.01) 1.23 (0.10) 0.62 (0.03) 6.80 (0 .11)
NOM 0.07 (0.01) 1.25 (0.10 0.64 (0.09) 6.96 (0.12)
NOH 0.14 (0.03) 2.29 (0.20 0.50 (0.02) 6.86 (0.13)
COL 0.06 (0 .02) 1.08 (0.18) 0.90 (0.02) 7.04 (0.10)
COM 0.03 (0.01) 0.72 (0.08) 0.90 (0.04) 6.98 (0.10)
COH 0.26 (0.05) 3.88 (0.44) 0.33 (0.02) 6.13 (0.07)
NIM 0.02  (0 .00) 0.67 (0.12) 1.10 (0.05) 6.92 (0.06)
CIM 0.10 (0.03) 1.64 (0.18) 0.52 (0.03) 6.75 (0.24)
NYM 0.03 (0.02) 0.49 (0.05) 1.08 (0.04) 6.97 (0.08)
CYL 0.01 (0 .01) 0.39 (0.03) 1.30 (0.03) 6.81 (0.28)
CYM 0.01 (0 .00) 0.26 (0.03) 1.22 (0 .02) 7.66 (0.08)
CYH 0.00  (0 .00) 0.24 (0.04) 1.24 (0.06) 7.43 (0.09)
1 N=Natural and C=Created; Y = <l-3 ,1=5-10, and 0=15-20 years old; L=low, M=mid, 
and H=high elevation.
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